




ANNUAL REPORT 


OP IHE 

PROGRESS OF CHEMISTRY 


!Hnh i\]t %[\hl fruiuts, 

PHYSICS, MINERALOGY, AND GEOLOGY, 

Incliiaing: tilt appllctttlonH of CItomiMtrT to Phainiaio. nfotflclnp. Airrlcaltiiro, 

thP AitM niifl MaimniciuroH 


BV 

JUSlUS'LlEBia, M.D. 

PRniSsnn of CIlFMlsrR*^JN TH* tM\BRbIlT OF OIF8WV 

VND 


H KOPP, 

lR01F>><t0R IF riIT'>irs AVD CHBMl'iTRY IN THF liNnBBSItY OF OIKS^ER 

WIIH rHE COOPFH VIION OF 


11 RLIF, 

IROIESSUR OI PHXMCS 

DILI 1 <£.^ BACH, I 

PI 01 KSSUH OF GEUX OC \ I 

4 

PROFESSORS 


C ETTLING, 

laOFESSOHOl •ttlNB.RtLOCT 

r K^APP, 

FROFNbMXa OF tk.( 

IN THE UNIVERSIIY 


I DlTkO UY 


H WILL, 

1R0FFS80H OF CHBVItTRT 

F ZAMMINER, 

FUOPESSOK OF PllTSICS 
Ol! ArlFSSEV 


A. W HOFMANN, PhD. 

PROFKSBOR tS TUK ROY\L COLLSC £ OP CKSMISTRT 
AND 

W. DE LA RUE, 

FEIIOW OF niF CUBtnbtl BOUFTY 


VOLUME 1 1847 — 1818 . 


LONDON: 

TAYLOR, WALTON, AND M 

UPPER aOWLR STREEf, A IVY LAME, 

MDCC03kI.lY. 



LONDON: 

PriDted by Scluilzc and Co., 13, Poland Street, 



ADVERTISEMENT. 


The ^rcat and daily increasing number of researches appearing 
every year in the different departments of Chemistry and the Allied 
Sciences, renders it difficult for individuals to obtain, by actual 
inspection of the original sources, a complete survey of their 
progress. 

The study of one, or even of several journals, does not suffice for 
this ])urpose, the communications of various investigators being 
distributed over a large number of periodicals, and many papers, 
especially interesting to the Chemist, being actually buried in publi¬ 
cations chiefly devoted to other subjects. 

It is evident that a rapid acquirement of an accurate knowledge of 
the j)rogress made by so extensive a Science as Chemistry, and a 
clear jierception of the connexion of the individual researches as to 
tlieir confirmation, correction, or refutation of each other, would be 
most materially facilitated by an Annual Report, founded on the 
broadest possible scientific basis, and carried out by men equal to the 
task. 

Professor Liebig, in conjunction with several distinguished scien¬ 
tific men, has undertaken the regular publication of such au account. 
By the united activity of a number of ))ersons working on a well-con- 
ncctcd plan, it will be possible to obtain a detailed account of the 
resqarches published during each succeeding year, scon after its 
expiration. The Report of the Progress of Chemistry and the Allied 
Sciences will always be in the hands of the scientific public before the 
middle of the following year. 

The labours in the field of Chemistry, including its application to 
Pharmacy, Medicine, Agriculture, the Arts ai\^d Manufactures, wiR be 
reported with minute accuracy, it being intended to insert a faithful, 
and, whenever necessary, a complete digest of each investigation. 
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ADVERTISEMENT. 


The part of the work devoted to Physics and Mineralogy will form 
a complete synopsis of the literature j while a detailed account will 
be given of such subjects as are of particular importance to the 
Chemist. 

In Geology, which has of late derived so many advantages from 
the progress of Chemistry, the discussion will be extended to all 
inquiries instituted on the boundary line of the two Sciences. 

The Annual Report aims at completeness, principally in the 
communication of results; descriptions, however, of methods^ by 
means of which these results may have been obtained, will be by no 
means omitted, whenever it may appear conducive to the compre¬ 
hension of the subject, or whenever the methods themselves are new. 

One of the principal objects will be to treat synoptically of the 
different researches published on the same subjects, and to expose in 
a lucid manner the relation existing between recent inquiries, and 
our actual store of knowledge; it is not intended to give merely 
isolated and unconnected abstracts of the several individual investi¬ 
gations. 

By experience and researches of their own, the Authors of the 
Annual Report will be frequently enabled to point out such questions 
as require confirmation or correction, or to which, up to the present 
moment, due attention has not been accorded; critieism liltcwisc 
cannot altogether be excluded. 

This Series of Reports commences with Two Volumes, extending 
over the years 1847 and 1848; each future Report will be limited 
to one year. 
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PHYSICS 

AND 

PHYSICAL CHEMISTRY. 


MOLECULAR ACTIONS. 

It is well known that the state of all bodie.s is dejiendent upon 
ihc mutual aelion of two forces, the one, molecular attraction, which 
a])[)ears tt) he essentially a property of jionderablc matter; the other, 
molecular repulsion, which may be considered as a manifestation of 
the calorie enveloping; the smallest particles of bodies. The resultant, 
in every ease, of these two forces, is what in duids and solids is called 
the. force of cohesion. 

of lA«iiuifls, and capillary Ulcvatlon dependent on the 
Temperature— It has loiiij been known, that the cohesion of Huids is 
diminished by an increase of temperature. AYith the part, however, 
which the caloric plays in this chanjre we have been till recently almost 
unae(piaintcd. This chanirc could be attributed to an increased thermal 
tension, just as w'cll as to a diminished density, for tlie molecular 
attraction as a property of mass must vary with the square of the den¬ 
sity. In their theoretical investigations on capillary phenomena, and^ 
on the cohesion of liquids closely connected therewith. La Place and 
Poisson, neglecting as iuaigniticant the increase of repulsion, have, 
ill fact, exclusively considered the diminution of the density. 

The latest ex])criniental researches have concordantly proved, that 
cohesion, at least within the limits of our present observations, is not 
perceptibly inllucnced by an increase of the distance between the 
ultimate particles, whilst its diminution sensibly keeps pace with the 
increase of temperature. 

Direct measurements of the changes effected by heat in the 
cohesion of some liquids, have been communicated by Buys- 
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Ballot(l). lie employed, in his C-\periments, adhesion-plates of 
glass Eiiid metal. 

A level plate, suspended from the one arm of a delicate balance 
and horizontally adjusted, was brought into contact with the surface 
of the liquid. The weight requisite to be attached to the other arm, 
in order to remove the plate from the liquid, afforded a measure of 
the cohesion of a section corresponding to its surface. ]m]mritics, 
as likewise air bubbles, that might have got between tin; two surfaces, 
were most carefully removed, and altogether, it a])pears that every 
precaution necessary in such delicate experiments was attended to. 
The horizontal adjustment of tin; square plates succeeded best by 
means of three line screws, admitting of lengthening and shortening 
the three cords of suspension. 

The liquid to be examnied was first wanned, and then, whilst 
slowly cooling, a number of experiments were performed in rapid 
succession between slightly varying temperatures. 

With the rise of temperature uj) to 90" C., above which the observa¬ 
tions were no longer accurate, a very regular diminution of cohesion 
was exhibited, capable of licing exjiressed by an equation ]) = a—/^t, 
ap])lieal)le to all the liquids investigated, p re})rcscnting the Aveight 
necessary to separate the plate from the liquid, t the tcnqicrature, 
a and /Q being con.stants sjiccially to be determined for every liipiid. 

The following table givc.s a synopsis of the prineijial results; in 
the column p we find, cx|nx;sscd in grammes, the Aveight requisite to 
separate a plate of 1 Sq.C. (centimetre) surface, represemting the 
cohesion of a Sq. C. section of the liquid. By dividing p by the 
Avcight of 1 CC, (cubic centimetre) of the liquid, and multijilying by 
10, Avc obtain, expressed in millimetT’cs, the height to which the fluid in 
contact Avith the disc can be elevated above the level of that in the 
trough before the plate separates. This table, likcAvisc, exhibits a 
result AA'hich is certainly rcmsirkable, namely, that^he cohesion of 
water is not only diminished by heat, but also by the introduction of 
soluble substances: 




Density at 0”. 

p-a—/It. 

Water 10”- 

-40" C. 

. . i-6oo 

0-.'i5G8—O-OOlOfit 

,, .17”- 

-94” C. 

. . 1-000 

0-5607— 0-001 lot 

Solution of Glauber’s salt . . . 

. . 10(15 

0-5100—OOOl.m 

>> 

II . . • 

. . 1-160 

0-5051—0-00073t 

Solution of sulphate of copper, pure 

. . 1-212 

0-5160—O-OOOHOt 


„ „ acid 

. . 1-125 

0-5095—0-000851 


The numbers given by Buys-Ballot for Avatcr, and especially 

(1) Popg. Atm. IjXXT, 177, abstract from “ Dissertatio inaiigiiralis dc Synapbia ot 
Prosaphia;” Trajecti ad Rbenum, 1841; a correction of bis nalciilution by R. Mcrian 
in Pogg. Aim. LXXllI, 485, also in Arcb. Pb. Nat. V. .Ibb. 
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ihosc for lower temj)eratures, tally tolerably well with the indications 
of other physicists «jbtaincd by very different methods, well enough, “pJ*- 
indeed, to dispel the objections raised by Donny(l). Nevertheless, 
the values in the foregoing table can only be regarded as approxi- the lempc- 
niativc, as Buys-Ballot himself acknowledges; the method with 
adhesion-plates admitting scarcely of a very high degree of accuracy 
even in the hands of the most skilful experimenter; others have, there¬ 
fore, preferred deducing the cohesion of fluids from their elevation in 
capillary tubes, a method to which, as is well known, the way was 
paved by La Place, who first succeeded in reducing the capillary 
phenomena to the force with which solid surfaces adhere to liquids. 

Within the last few years voluminous memoirs have been published 
by C. Brunner(2), and by Prankenheiin(3), on the deportment 
of fluid bodies in capillary tubes. Those of the latter refer to 
rxj)criments made previously, in conjunction partly with Sondhaus(4) 
and partly Avith Hildebrand. ^ 

Frankenheim introduced the liquids to be examined into syphon¬ 
shaped tubes, one limb being of a capillary, or at least of an ex¬ 
ceedingly small bore, whilst the radius of the other varied from 
3—7 millimetres. These tubes were immersed in a transparent bath 
capable of being heated, in order to produce the requisite variations 
of temperature. 

Brunner has essentially followed the method of Gay-Lussac, 

Avhich is described in Biot’s ‘Traite de Physique 1, 411.’ lie 
endeavoured to jiroduce the required changes in temperature, by 
placing the glass cylinder, filled about one fourth with the liquid, in 
a tin vessel, having double sides, but through which a narrow groove, 
four lines in width, w'as cut, so as to allow of observations being made. 

This metallic vessel, Avhich could be heated by a spirit lamj), was 
filled with oil. Both physicists observed the variations in height 
by means of a vertical rule fixed at a distance of some feet from the 
apparatus, with an appropriate telescope attached to it, capable ol^^ 
remaining parallel with its original position, wdiilc moving either up 
or down. 

It is evident that the former method is more likely to secure the 
production of a fixed temperature, and an equal distribution of the 

(1) Pogg. Ann. LXVII, 564. 

(2) Pogg. Ann. LXX, 481; Arch. Ph. Nat. IV, 121. Ann. Ch. Pharm. LTV, HO 
(in abstract). 

(3) Pogg. Ann. LVII, 178; Arch. Ph. Nat. VII, 122 (in abstracl); Ann. Ch. Pharin. 

LXIV, 113. 

(4) J. Pr. Cheiii. XXIII, 401. 

B 2 
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oMiq“d*” lieat, throughout the liquitf to be tested, than Brunner’s plan; the 
“iMy'rie- advantage of admitting of much more accurate mca- 

pendLton advantage the more apparent, if we consider that 

tbeumpe- Frankcnheiiii, unable to neglect the capillary influence altogether, 
even in the wide limb of his tubes, was nevertheless without the means 
of accurately correcting it. 

Both physicists, however, find that the capillary elevation decreases 
with the temperature, and is capable of being represented by a very 
simple formula of interpolation, as a function of the temperature. 

These formulje, together with the limits of temperature, within 
which they are strictly correct, are arranged in the following table, 
which gives the height of the capillary column for a cylindrical tube of 
I millimetre radiius, and for a^ temperature of 0®. In these determi¬ 
nations, the weight of the meniscus is introduced into the calculation, 
by assuming it to be equal to that of a liquid cylinder of ! of the 
height of th^radius. We have accordingly : 



II representing the height of the capillary column in a tube of 1 
millimetre radius, and measured from the surface of the liquid to the 
lowest point of the meniscus(l). 


Sp. gr. 


Frankenheitn 


Tlnuiner. 


Water .... 

Ether .... 
Olive oil . 

. Turpentine 
^ Oil of lemons . 

Petroleum 

Alcohol .... 
Spirits of wine 
Bisulphide of carbon 
Acetic acid . . . 

Solution of chloride of zinc 
Sulphuric acid . 


at 0». 




1 0000 


15-336—002875t or 15-336 
—0-0275 lt--0-000014t'-he- 


tween 2"’5 and l>3''-4 C. 


0-7370 


.5-400—0’0254t hetweeu— 
6'’and 35“ 


0-9150 


0-8902 

0-8380 

0-8467 

0-8208 

0-9274 

1-2900 

1-0.522 

1-3638 

1-8400 


6- 760—0 01671 between 17“ 
and 137“ 

7- 23—00174t betw. 17“ 
and 125“. 

6-896—0’0151t between 17“ 
and 128“ 

6-05—0-0116t—0-000051t= 
between 0“ and 75“. 

6-41—0-0120t between—2“ 
and 70“. 

5-10—O-OlOlt between—5* 
and 36“. 

8- 51—0-0097t between 13“ 
and 100". 

10-06—0-0220t between 40" 
and 85“. 

8-40—0-0153t—000009412 
between 12“ and 90". 


1 11 ™'“. 

I _ _ 

15-33-2—0-02861 
between 0" and 
8-2" C. 

5-;{54 — 0-0280t 
between 0“ and 35“. 
7-461—0-0105t be- 
tween 15“ and 150". 


(1) Biot, TraiU* de Physique, I, 449. 







MOLECULAIl ACTIONS. 


5 


Frankenheim and*Bruiiner have, as is seen, obtained almost the 
same values for water and for ether. For the former, Gay-Lussac 
hadfound H = 15'”"'*135*fet 8®*5 C. Frankenheim^s formula gives, 
at the same temperature, 15““'101, that of Brunner 15®™'089. 

The specific gravities annexed in the table show how little may be 
inferred from the density of a liquid, as to the cohesion existing 
amongst its })article8. Generally it is true, that with the diminution 
in density of a liquid, there is also a diminution in the capillary 
elevation, but in a very different ratio; compare, for example, the 
average-diminution in the density of water and oil of turpentine, 
as represented by the formulae: 

1-000 (1—0-00 list) and 0-8093 (1—000886t) 

with the corresponding variations of the capillary elevations of the 
same liquids, as expressed by the formuhe : 

15,330 (1—0-001875t) and 6*76 (1—0 002^66t) 

In the same manner it has been found with other liquids, that the 
ca])illary elevation diminishes much more ra])idly with an increase of 
temperature than would correspond to the diminution of the density. 

The most conelusive proof, however, that the variations in density 
stand in no direct relation to the capillary elevation, is afforded by 
water at a low temperature. For whilst it exliibits a maximum 
density at 4“, Sondhaus, and likewise Brunner, have found that 
air almost regularly progressing depression of the capillary column 
takes place with an increase of temperature even from O'* upwards. 
Frankenheim, availing himself of Poisson^s formula : 

p = 7rr'^p v3a'^- ^ — 

o 

expressing the relation of the capillary elevation to the cohesion of 
the liquid, has calculated the thickness and the weight of the liquid 
layer suspended between the adhesion-plates and the surface of the 
liquid at the moment of separation. He has, however, neglected in 

this calculation the second term ; this is not admissible. The 

O 

numbers which he has found cannot, therefore, have claims to abso¬ 
lute correctness, nor arc they comparable with each other. 

In the above formula a® = i. e. equal in millimetres to the 

elevation of the liquid in a cylindrical tube of 1'""’ radius, divided by 
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100 ; fx re])icsciits tlie weight ot* 1 cubic centimetre of the liquid iii 
question, iri" the superficial contents, in ^quarc centimetres, of the 
adhesion-plates, p tlie weight (in grammc.s) necessary to effect 
separation. 

If we now calculate p for different temperatures, substituting always 
the corresponding values for /i and a-, and availing ourselves of 
Brunner's formula for water, we shall arrive at a numerical series 
generally expressed by the equation 

p = 0-4632 — 0000358t — 00000021^ 


in which p represents the cohesion of water for a section of 1 square 
centimetre. Thus we find p to be 0-4632 grammes at the tempera¬ 
ture of freezing water, and 0-4086 grammes at 100". 

According to Frankeiiheitii's method of calculation, it will be 
for the same temperatures, 0-5544 and 0-4784. 

It is well known that water, under sufficient pressure, can retain 
the liquid state, i. e. cohesion amongst its particles, at tempe¬ 
ratures far above 100". If we arc justified in assuming that the 
formula just propounded will hold good also, at least apjnoximately, 
for such higher teinperatnres, we shall be enabled to trace the 
cohesion diminishing with the rise of temperature to a point, where it 
will be balanced by a calorie rcjnilsion of an equal intensity; we find 
that this must take [dace at 400", i. e. water heated up to this tempe¬ 
rature should, by the slightest increase of tension, by the introduction, 
for instance, of a single bubble of air, be suddenly, and through¬ 
out its entire mass, converted into steam. IMorcover, as water, in 
order to be converted into steam, requires 610 heat-units, sturting 
from 0", it may he, inferred that a vci-y rapid increase of its specific 
heat will take place at temperatures above 100". 

Donny(l) has shown, by a scries of well dewsed experiments, 
that water possesses a tendency to evaporate only when exjiosed to a 
vacuum, or a space filled with gas, and that the process of ebullition is 
induced by the air alone, which is present in the water. He succeeded 
in heating water, previously freed from air with great care, to 135" with¬ 
out inducing ebullition.—His exjicriments certainly prove, in a most 
convincing manner, that a space filled with gas or a small bubble of 
air, is absolutely necessary for the evolution of steam in the body of 
the water, and that accordingly, the process of ebullition in its 
principle, coincides with that of evaporation; in the further conclusion. 


r < V ,■* 4\/ w ' -v -V ^ A 

(1) Ann. Ch. Phys. [.1] XVI, S. 167 ; Pogg. Ann. LXVH. 562. 
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however, namely, that the eohcsioii of water was equivalent to the 
pressure of several atmospheres, he is certainly in error. In fact, no 
very great excess of cohesion is required to suspend in the body of 
the water the tendency to evaporate, which is nothing more than a 
j)repondcvaucc of the repulsive power; for this purpose, the very 
slightest preponderance of cohesion is sufficient. It is true, Donny 
also supports his view on the well known fact, that fluids suspended 
in baronictcr-tubcs sometimes do not descend in them, even when the 
open end is under the exhausting power of the air pump. It appears, 
however, that Donny, in explaining these phenomena, has not suffi¬ 
ciently considered the influence of the sides of the tube. The 
experiment would not have succeeded in wider tubes. 

Holtzmann(I) has endeavoured to determine the cohesion of water, 
at different tem])eraturcs, by comparing the mechanical effect of the 
steam generated both with that deduced from the number of heat- 
units consumed, and with the mechanical effect of the unit of heat 
as ascertained by other considerations. The difference found was 
attributed to the heat required to overcome cohesion. In this 
manner, he arrived at the formula G07 — I'139It, which expresses, 
in units of heat, the cohesion of the weight-unit of water at 
different temperatures. 

By dividing this expression by C07, and multiplying it by 15,332, 
we obtain 15'332—0'02878t being almost exactly the same value 
whif'li Brunner had found for the elevation of water in a capillary 
tube of l"“" radius. Holtzmann regards this coincidence as firmly 
sujiporting the correctness of his theoretical views. He has, however, 
in calculating the formula, assumed the specific heat of water to be 
constant, which, for the higher tcmperalarcs, is certainly not admis¬ 
sible. Again, he has taken the vapour-heat of water as equal to 64-0, 
which is probably too high. As the coefficient of the exj)ansion of 
steam, he uses the number but Begnault has since proved by 

exjKU’iment, that even at a maximum density, it cannot differ 
much from that of air = - 5 -] -^. The coincidence of the formula with 
that of Brunner is hence found to be accidental. And this cannot 
be well otherwise, since Brunner^s formula, although well adapted 
to deduce the cohesion of the water, is nevertheless not a directly 
comparable expression of the cohesion. 

A. Moritz(2), of Doii^at, in determining the resistance of w^ater 


(1) Ueber ilie Wsu-nie mid Elasticitat dcr (iasc und Diimpfe, Mannheim, IH45, ali- 

slraetediii Pogg. Ann. LXXI, ICS; Arch. Ph.Nat. Ann. Cheiu. Pharm. LXIV, 147. 

(2) Pogg. Ann. l.XX, 74 ; Arch. Ph. Nal. IV, 391. 
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at difiercnt temperatures, availed himself of a method described by 
Coulomb, which consists in observing the diminution of the rotary 
oscillations of a metallic disc suspended horizontally in the liquid, by 
means of a fine wire, and rotating round its centre under the influence 
of torsion. He found that, with the maximum density of water, the 
resistance was likewise at its maximum, but that it gradually diminishes 
with the rise of temperature, and in a much more rapid ratio than 
the density of water. Ilis experiments are represented within the 
very narrow limits of from 2’5*^ to 23“ R. by the formula: 

c = 0-2513 —O-OlllSt + 000()1387t- —O-OOOOOO.g.^St^. 

This resistance evidently depends oii the cohesion, without however 
being proportional, as Moritz appeared to believe. It rather cor¬ 
responds to the resistance offered to fluids in their passage through 
tubes, whieh, as is well known, is not caused simply by cohesion, but 
essentially by the unecpial intensity of this force, when exerted in 
different directions, /. c. by the degree of fluidity. This perhaps 
explains the striking discrepancies of these results, and those already 
detailed. 

CliaiifiTC 111 Fnrin of tlic Stni-farc of si lilquld liy suiothcr one.—Wil- 
son(l) has observed that chloroform, when])laccd in a clean glass ve.s- 
scl, exhibits a concave surface, xvhich becomes convex' on the addition 
of cither ]mrc or of slightly acidified water, and level when a 
solution of an alkali is jxmred upon it. Drops of chloroform, on a 
level surface under water, are instantly compressed and flattened on 
addition of an alkali, and instantly reassumc their original form nhen 
the alkali is saturated with an acid. Chloroform sinks very slowly in 
pure or acidulated water, but xvith great rai)idity in an alkaline- solutioji, 
.Dutch liquid, bisulphide of cai-bon; the- volatile oils heavier than 
water, behave similarly to chloroform, the latter however exhibits 
these phenomena most strikingly. Swan (2) ha^ endeavoured to 
follow up this subject theoretically; we- perceive from his research, 
that he found the surface of chloroform, when under alkaline w'ater, 
to be level, excepting at the sides of the glass vessel where it was 
convex; olive oil and sperm oil, when floating on pure water or on 
water slightly acidified with hydrochloric acid, exhibit a convex 
undersurface, which is levelled on addition of an alkali j the same takes 
place with oil of lavender on the addition of alcohol. The convex 
surface of oil of cassia, under water, becomes level on the addition 
of cither an alkali or of alcohol, th-'t, of oil of cloves by alcohol. 


f]) Clx-m. Scjc. Q„. J. T, 171. 


(2) Phil. Mag. [r.] XXXIll, 36 . 



MOLECULAR ACTIONS. 


9 


Swan gives tlie following determinations of capillary elevations—A 
representing the specific gravity, B the diameter of the glass tube, C, 
in English inehes, the capillary elevation. 


i A. 

IL 

C. 

A. 

B. ! 

1 

1 

1 

C. 

A. 

1 

B, 

i 

Chloroform . . 

MW 

O-OH 

0-H 

1-49.1 

1 

0-026 1 

0-4G 

1-49.1 

0-010 

1-07 

Hydrochloric acid 

M().i 

>» 

2-7 

1-167 

** 1 

1-51 

1-167 

ff 

3-73 

Solution of potasjsa 



2-9 

l-lOf) 

» 1 

1 1-77 

1-105 


4-61 


Capillary nepresston of Mercury.— Erankenheim(l), with the 
aid of the syphon-shaped tubes above described, has also examined the 
eapillaiy depression of mercury with reference to changes of tempera¬ 
ture*. lie finds that tin', difference in height of both mercury levels 
increases as the thermometer rises, and it would appear proportional 
to the temperature. If the depression at the temperature t be 

II = h (1 -j- a t) 

h reprcsi'iitiug the capillary depression at the starting temperature, 
the constant coelficieut a expressing the influence of heat will fall 
according to Erankenheim, between 0'0013 and (V0014. The 
coefficient for the, expansion of mercury is known to be O'OOOIS. 
Hence, the difference in height produced by the capillary force, 
progresses much more rapidly than the expansion of the mercui’y 
increases, or what is the same, than its density diminishes. 

The depression of mercury in capillary tubes, is known to be duo to 
the cohesion of the particles of mercury being greater than twice 
their adhesion for glass (Biot, Traiti^ 448). Erankenhcini 
attributes the dc])rcssiou of the mercury, increasing u ith the rise of 
temperature, to a simultaneous diminution of the cohesion of the 
mcu'cury and of its adhesion to the sides of the tubes. If this explana¬ 
tion be correct, the adhesion ought to diminisli more rapidly than the 
cohesion, in such a manner, tliat the latter would tend to prepon¬ 
derate. Exact measurements of the top of the mercury column, 
at various temperatures, can alone decide this question. 

For calculating the capilkary depression, Fraiikcnheim gives the 
equation ll"*'" = t O + 0'00.">3t, which holds good however for 
very dry glass only, or, at the ordinary state of the atmosphere, 
for highi'r temperatures, bccaiist: at lower temperatures the adhesion 
of the glass (and with''it the capillary depression) is lessened by the 
moisture with which it is covered, 


(, 1I’ogg. Ann. LXXV, 22P. 


Change lu 
fonn of the 
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(lepreshlun 
of mercury. 


Thus, according to tlie above formula, we find at 0”, II = 4. It is 
found, however, actually to be 4‘50.— 

The estimation of the capacity of glass vessels, which arc either partly 
filled Avith, or closed by mercury, is rendered difficult by the inflection 
of the mercury towards the sides of the vessel. 

To ascertain the exact capacity, a knowledge is required of the 
})Osition of a plane between the highest and lowest point of the 
meniscus, in such a manner that the fluid above exactly fills up 
the empty space below. I)angcr(l) has employed the following 
method for finding out the jiosition of this plane. Cylindrical tubes, 
varying in width, and ground level at the top, were filled with mercury, 
and the excess carefully removed by means of a flat piece of plate- 
glass, made to slide across. On taking off the plate*, with the ]»re- 
caution that no mercury was spilt, a meniscus was formed by the 
liquid separating from the sides, and rising in the centre. The 
ground glass rim is, in this case, the ])lane which is sought, Both 
the depression of the contaet-linc of the mercury below, and the 
elevation of its top above the rim, Avero measured by means of an 
appropriate telescope, proAuded Avith a microimder-screw. 1Mie fol¬ 
lowing table contains an abstract of the results, A reiircscntiiig in 
millimetres the interior diameter of the tube, B the elevation of the 
top of the meniscus above, C the depression of the l>:ee of the 
meniscus below the .rim of the glass, and I) the total height of thti 
meniscus. They liold good for a temperature of lo" C. It is to he 
regretted that the author has omitted to notice tlic atmosplierie 
conditions, under which his experiments were conducled, that is, 
whether they Avcrc made with a moist, dry, or ordinary almosphere, 
as it is w'ell knoAAni that the height of the mcniscuH is by no means 
independent of these influences. 


A. 

B. 

o. 

D. 

A. 

13. 

C. 

D. 

A. 

B. 


T). 

1 

0178 



10 

0-643 


1-543 

28 

0-380 

1-302 

1-682 

2 

0-310 

0-261 


12 

0-637 


1-625 

30 

0-355 

1-325 

1-670 

3 

0-410 

0-369 

0-779 

14 

0-610 

1-056 

1-666 

35 

0-297 

1-375 

1-676 

4 

0-486 


0-9.5.3 

16 

0-570 

1-110 

1-680 

40 

0-218 

1-415 

1663 

5 

0*544 

0-558 

1-102 

18 

0-530 

M57 

1-687 

15 

0-208 

J-450 

1-658 

6 

0-581 

0-643 

1-218 

20 

0-495 

1-190 

1-G85 

50 

0-187 

1-180 

1-667 

7 

0-610 

0-710 

1-.320 

22 


1-224 

1-679 

55 


1-511 

1-691 

8 

0-6.30 

0-782 

1-412 

21 

0-4,36 

1-2.52 

1-688 


0-178 

1-540 

1-718 

0 

0-63'J 

0-844 

1-483 

26 

0-408 

1-278 







(1) Compt. Ucn.l. XXVII, 381 ; Aim. Ch. I’hvfi. [.3] XXIV, 501 ; Pogg. LXXV1,297. 
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Eiiaosmosis.—It is well known, that the attention of physicists to Endosmo. 
the phenomena of endosrnosis, has been attracted chiefly by the 
observation that two liquids -separated by a porous diaphragm, 
impenetrable at small hydrostatic pressures, will usually pass to 
each other in unequal quantities. This was certainly a startling fact, 
inasmuch as the mutual attraction of two liquids, which is the cause of 
their passing the diaphragm, must evidently be equal on both sides ; 
and j)hysicists have consequently examined, with much eagerness, 
the proportion in which various liquids pass to each other. The 
instrument most frequently used for this purpose, is Dutrochet^s 
endosmometer, which consists of a narrow glass tube, the lower 
extremity of which, widening in shape of a funnel, is closed with a 
bladder; this tube partially filled with the one, usually the heavier, 
is introduced into the other liquid. This apparatus, how^ever, does not 
admit of the differences of level, at the various periods of the experi¬ 
ment, being measured with perfect accuracy, since every variation of 
the hydrostatic pressure in the cndosmometcr-tube, involves at 
once a change in the turgcscence of the bladder. To avoid this 
inconvenience, Vierordt(l) has devised another disposition of the 
ai)paratusj which enables him to keep the pressure on both sides of 
the membrane perfectly equal, without interfering in the slightest 
degree w'ith the changes gradually alFecting the difference of level 
of the two liquids. lie accomplishes this object by proportionally 
incr(‘nsing the atmospheric pressure exerted upon the surface of the 
liquid, the volume of which is diminishing, by means of a very 
ingenious arrangement, pointed out to him by Eiscnlohr, which 
indicates at once the slightest disturbance in the equilibrium of both 
liquids. Further details are unintelligible without the assistance of 
drawings. 

Vierordt has examined, by means of this apparatus, the endos- 
inosis of water, with regard to solutions of sugar and sea-salt of 
different degrees of coiiecntration. It is evident from his inves¬ 
tigation, that for an equal duration of the experiments, the difference 
of the velocities exhibited by the currents proceeding in opposite 
directions actually increases, with the amount of substance originally 
dissolved in a given volume of water, without however being 
accurately proportional to it, as Dutrochethad asserted. In all expe¬ 
riments, the proportion in which the volumes increase, was found to 
be smaller than that of the original densities. 

(1) Pogg. Ann. JAXIJI, aljslractcd from Griesingcr’s Ardiiv. fiir Physiolo- 
gisclic llcilkundc. 
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Jolly(l), in ascertaining the endosmosis of various saline solutions 
^ith water, has availed himself of a methodidifferent from the endos- 
mometric procedure hitherto followed. He introduced the solution 
to be examined into an open glass tube, one end of which was closed 
by bladder, and ascertained the gradually ensuing changes of quantity 
by weighing; the external liquid, the water, being frequently changed, 
was kept as uniform as possible, until the weight of the tube was 
no longer aftcctcd, except by evaporation. The tube now contained 
distilled water, the dissolved matter having been entirely eliminated. 
The influence of evaporatio;[|^was ascertained by means of a check 
tube, partly filled with water. 

Jolly found in this manner, that certain quantities of soluble 
substances, whether dry or in solution, when passing into water, tin; 
temperature remaining unaltered, arc replaced by proportional (pnui- 
titics of the fluid, which he calls endosmolic etpiirajcnts; at a 
temperature near 0", sea-salt, e. g. was replaced by from 4’3— l-*G 
times, Glauber’s-salt, by from 11—12 times its weight of pure water. 
This proportional amount of water, or the cudosinotic equivalent, is how¬ 
ever dependent upon the temperature, wuth which it increases.—Among 
various liquids, examined for the most part at low temperatures, 
potassa-solution required by far the largest amount of replacing water, 
more than 200 times the weight of the alkali j the cudosinotic equiva¬ 
lent of neutral sulphate of jiotassa was found to be 12, that of the 
acid salt 2*3, that of hydrated sulphuric acid only 0*35. 

The knowledge of the cudosinotic equivalent of a substance, enables 
us to calculate the weight eliminated by a certain obsca ved amount 
of replacing water, quite independently of the quantity originally 
dissolved, or of the concentration of the solution. 

With the aid of his endosmotie equivalents. Jolly has also calcu¬ 
lated the time requisite for the passage of certain quantitlfes of soluble 
substances, e. g. of Glaubcr's-salt, through a membrane of a ci^rtain 
size, into water. IW this purpose, the additional hyjiothcsis was 
necessary, that the amount of substance passing in the unit of time^ 
waSi emteris paribusj proportional to the density of the solution. The 
close coincidence of the calculated spaces of time, with those observed in 
experiment, removed any doubt that might have remained rcsjiecting 
the correctness of the above supposition. 

Dutrochet^s assumption that, for an equal duration of the 


(l) Ilcnleancl Pfeufer’? Zeitschr. fiir rationelle Medicin, VII, 83 ; in absiract, Ann. 
Ch, Pham. I.XVHI. 1. 



MOLECULAR ACTIONS. 


13 


experiment, the intensity of the endosmosis was proportional to the EndMmo. 
original density of the solution, already pointed out by Vierordt as 
erroneous, is, moreover, proved to be incorrect by Jolly^s results. 
Calculation, as well as Vierordt^ s experiments, shows that the amount 
of water passing, is somewhat larger in the case of lower densities. 

It would be very important to confirm, by a more extensive series 
of experiments, the two laws resulting from Jolly^s researches; 
viz., firstly, that the amount of salt permeating the membrane 
in the unit of time, is proportional to the density of the solution; 
and secondly, that, quite independently of this density, the quantity 
of* salt eliminated in a certain time is replaced by the passage of an 
cndosmotically proportional amount of water. Such a confirmation, 
when more general, would be an important support of the view,— 
that from the saline solution, salt-molecules only pass into the water, 
whilst the latter sends particles of pure water only into the salt 
solution. 

Jolly explains, in a peculiar manner of his own, the unequal 
faculty exhibited by two liquids, of passing to each other, when sepa¬ 
rated by a ])orous diaphragm. It is based upon the hypothesis, that 
the porous substance simultaneously absorbs the two liquids, 
although in unequal proportions, according to its relative faculty of 
absorption. In this general form, however, the assumption is in 
opposition to various results of experience. Blotting paper, f. i. 
is netted both by water and by oil. But when once soaked with 
water, it is perfectly impervious to the passage of oil, even under 
considerable pressure; whilst the latter is easily displaced from the 
pores of the paj)cr by the former. It is evident that a porous sub¬ 
stance is capable of simultaneously absorbing two liquids, only when 
they are miscible with each other; in other words, when they are 
en(lowcd with a powerful mutual attraction; in this case, however, 

Avc do not require an hypothesis, not demonstrable by experiment, in 
order to comprehend the passage of two liquids through a porous 
diaphragm, even if no attraction were exerted upon one of them by the 
porous body. The absorption of two liquids ensues unequally, because 
one of them is acted on by two forces, namely, by the difference of 
the unequal adhesion of the two liquids to the diaphragm, and 
by the chemical attraction, whilst the other enters the pores under 
the influence of the latter force only. A gradual mixture of the 
two liquids would take place also without the presence of a mem¬ 
brane ; the introduction however of a diaphragm, when endowed with 
a different degree of adhesion for both, must evidently alter the 
relation, in which the mixture proceeds. A salt-.sohition and pure water 
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Eiidosmo. soparatcil by a piece of bladder, for instance, the former will 

receive more particles of water than the; latter Avill particles of salt ; 
the tendency to nii\, exhibited by the two liquids, is due to two forces, 
opposite, but exactly equal; the adhesion, however, on both sides, is 
unequal. Accordingly, a volume of water, passing through the 
bladder into the salt-solution, cannot be replaced by an equal bulk of 
salt-water, since, the active force bc^ng unequal, the water moves with 
greater velocity. The whole question now turns upon the argument, 
that two liquids, unequally ])crmeating a porous substance, actually 
exhibit an unequal adhesion to this substance. 

For this purpo.se, Licbig(l) has examined the absorptive ])o\^cr 
of animal membrane in relation to pure water, solution of sea-salt, 
s[)irits of wine, and oil of marrow. He found that 100 parts, by 
weight, of dry ox bladder absorbed in 24 hours : 

Pure Avatcr.2r)S vol. 

* Sea-sall solution, brine (1'204 spec, grav.) . 13.'5 „ 

Spirits of wine of 84 per cent . . . 38 ,, 

Oil of marrow.17 n 

100 parts, by weight, of ox-bladder, absorbed in IS hom-s : 



100 parts, by weight, of dry pig’s bladder absorbed in 21 hours : 

Pure water.S.’jfi vol. 

Saturated solution of sea-salt . . 109 „ 

Oil of marrow.11 »i 

Now, if we consider that animal membrane possesses a very appre¬ 
ciable elastic force, which opposes the tnrgcsccnec attending the 
imbibition of a liquid, we are justified m concluding that the cause of 
the absorptive power, i. c. the adhesion of the membrane to the liquid 
is proportional to the quantity absorbed. He found, indeed, that 
animal membrane, saturated with Wcater, shrinks by the prepon¬ 
derance of the clastic force, as soon as this water is converted on 
addition of alcohol into a mixture of inferior penetrative power, and 
loses a portion of its fomicr contents. 


(1) Rei>parf“lies on the Motioaof the Juices in the Aiiiniiil Rody, edited by Gregory; 
London, Taylor, Walton and Maberly. 
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On covering with pure water a piece of bladder saturated with oil, 
the latter is expelled and replaced hy the same amount of water, which 
would have been absorbed without the previous introduction of oil. 

If a bladder, previously soaked in brine, be covered with pure 
water, tlie brine appears in drops on the other side, and every par¬ 
ticle of salt woidd probably soon be expelled, just as in a former 
case, the oil, the pores of the membrane becoming filled with pure 
water 3 unless an additional force was exerted in this case, by the 
faculty which belongs to these two liquids of mixing with each other 3 
under the influence of this new force, a portion of the salt moves 
in the direction of the w'ater. A necessary consequence of this 
de])ortmcnt is, that a membrane, when placed as a diaphragm between 
w'ater and brine, must take up a mixture of both, in which, how'ever, 
while the mixing proceeds in both directions, the proportion of water 
must ahvays predominate. Ilow much the process of endosniosis 
'de|)cnds on the relation of the porous diaphragm to the sepa¬ 
rated liquids, is strikingly exhibited by the well known phenomenon, 
that alcohol, mobile as it is, passes through the membrane into 
water, in much smaller proportion than the latter liquid into alcohol. 
The reverse takes place if a thin sheet of collodion is selected as the 
diaphragm (li i c b i g). 

The unequal attractive force, exerted by the material of the 
animal tissues, when separating various liquids, acts, as it were, like 
iwechanical pressure, which is stronger from one side than from the 
othcr(l). 

If a bent glass tube, whose shorter limb is closed with bladder 
after hav ing been partially filled with brine, be introduced into pure 
water, the bladder being below the Icvxl of the liquid, we find, on 
introducing mercury into the longer limb, that at a certain height of 
the latter, the mixture of the two fluids will take place without 
change of volume. The action of the bladder, preponderating in one 
direction, is balanced by the pressure of the mercurial column, under 
whose influence the amount of brine displaced becomes equal to the 
quantity of water which enters. This experiment also refutes the 
view, still widely prevailing, that animal membrane being, when dry, 
almost impenetrable to atmospheric prcssui*e, is, when moistened, 
incapable of transmitting hydrostatic pressure through its capil¬ 
lary pores. Liebig has endeavoured to measure directly the 
force requisite for pressing various liquids through the pores of 
animal membranes; he finds, that generally this force diminishes 

(1) Rpsrarrhes 011 tliP Motion of the Juices,'Ac., 51. 
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in proportion to the increased facility, exhibited by the porous sub¬ 
stance, of swelling up, when absorbing a liquid. Tins force bears no 
relation to the degree of fluidity. 

Thus water passes an ox bladder of n-„th of a line in thick¬ 
ness, when, under the pressure of 13 inches, a saturated sea-salt 
solution at from 18—20 inches, and oil (of marrow) at 81 inches. 
A pressure of 36 inches was not capable of effecting the passage 
of alcohol. 

When the membrane used is the peritoneum of the ox ,/„th of a 
line in thickness, water is forced through it by from 8 to 10 inches, 
brine by 13—16 inches, oil by 33 to 34 inches, and alcohol by 
36—40 inches of mercury. 

This pressure, however, does not remain constant; if the ex])crinients 
are continued for any length of time, it in fact diminisli(!s; the 
membrane, by long contact with water, evidently undergoing a change 
in consequence of which the pores become widened. 

If a space filled with water be closed by bladder, one side of which 
is kept wet, whilst the other is surrounded by the atmos])herc, the 
moisture will evaporate at the outer surface, being, however, con¬ 
tinually replaced by water passing from the inner portion tlirough 
the membrane. The liquid thus acquires a motion towards the 
evaporating surface, it gradually dimiuishes in quantity and in the 
same j)ropr>rtion the external pressure on the walls of tlie vcs&el is 
increased; fluids brought into contact with the outer surface of the 
bladder, e. g,, vA'^atcr, aqueous solutions, oils, spirits of wine, 6!:e., inay 
be forced by this pressure into the interior of the space, and this 
passage takes place even through several layers of bladder. 
Liebig(l), who illustrates this deportment by numerous instructive 
experiments, arrives at the conclusion, that the entamions transpira¬ 
tion, and the evaporation taking place at the surface of the lungs, 
must necessarily establish a similar motion of th^ juices in the 
animal body, namely, a motion towards the evaporating surface. lie 
mentions the almost forgotten, but highly remarkable observations 
on the motion of the saj) in plants, made more than 130 years ago 
by Stephen Hales, from which he inferred, even at that j)eriod, 
that it is the evaporation from the branches, leaves, flow'crs, and 
fruits, which causes not only the absorption of the w^ater in the roots, 
but likewise its ascent to the top of the highest tree (3). 


(1) llesnarehcs nn tho motion of the Juices, /tc., (Comp. p. 71). 

(2) Ibi<l. 77. 
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Crystal- 

f'rystallizatloii. New method of obtalnlnur Crystals In the dry Hiatioa. 
Way.— Kbolincn(l) has described a new method of obtaining various thoeToflfb- 
compounds in a crystallized state, by which minerals may be arti- 
Hcially imitated. lie employs a substance capable, under the 
influence of a powerful heat, of dissolving the constituents of the 
comjiound to be prepared, and itself volatile at this temperature, so 
that tin; compound separates on the evaporation of the solvent. Such 
substances arc boracic acid and borax. By continuously heating 
in the porcelain furnaces of Sevres a mixture of alumina and magnesia 
with fused boracic acid, he obtained, on cooling, a mass interspicu- 
lated with small crystal.s, possessing both the physical properties and 
the chemical composition of spinel (MgO, Alg O3), and to which a 
pinh, blue or black colour could be imparted by the addition to the 
ingredients of sesquioxide of chromium, protoxide of cobalt, or sesqui- 
oxidc of iron. Exactly in the same manner, and of the same crystal¬ 
line form (regular oclohcdron) he prepared the compounds of alumina 
with the protoxides of niangancse, of iron and cobalt, and with lime; 
those of sesquioxide of chromium and alumina, with protoxide of iron 
and magnesia; of the scsquioxidcs of chromium and iron with prot¬ 
oxide of iron; and lastly, those of sesquioxide of chromium with 
magnesia, and with protoxide of inangancse. In the same manner 
microscojjic crystals of cymophanc (chrysobcryl, aluminatc of bciylla, 

BcO, AI .2 (I 3 ) w'cre artificially obtained; and also a crystalline com- 
])ound of alumina with baryta. Sesquioxide of chromium, w'hcn mixed 
with carbonate of lime and fused boracic acid, and exposed persistently 
to a [)owerful heat, crystallized. Emerald likewise w^as found to be 
soluble in boracic acid, from which it separated in the crystalline 
state, and peridote (chrysolite) was formed artificially with all the 
properties of the mineral. Instead of boracic acid, borax was success¬ 
fully used for crystallizing ahimina with the properties of corundum. 

Formation of Crystals— Knop(2) has communicated observations 
on the formation of crystals, especially respecting their distortion, 
aggregation, striation, &c., in the case of alum. We refer to the 
paper, the details being unintelligible without the aid of drawings. 

Crystaiioeraiihy. —New views on crystallization and crystallo- 

(1) Ann. Cli. Phys. [3] XXII, 211; J. Pr. Ch. XLIIl, 472; in abstract Compt. Rend. 

XXV, 279, 661; Ann. Ch. Pharm. LXVIIl, 261; Phil. Mag. [3] XXXI, 311; XXXII, 

312. 

(2) J. Pr. Chem, XL. 90; XLl, 81. 

VOL. 1. 
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gi'aphy, have been coninmnicatedl by Lceson{l). lie finds that the. 
methods of classification now in use (there is, however, only one 
method jjjencrally acknowledged by the crystallographcrs of tlie 
present time) are, in many instances, imperfect and ohscin-e, and 
that the nomenclature is more or less confused and inappropriate. 
The difficulties encountered in 1808 by Bournoii, when engaged 
in determining various modifications of crystals of the same sub¬ 
stance, are again attacked by Lecson, and in his endeavours to 
remove them he has not availed himself of the labours of German 
crystallographers in the same field. Lccson follows a method, by 
means of wdiich he points out numerous errors committed in the 
detcrniinations made up to the present moment;—(in fact, apophyllitc 
had never been determined as crystallizing in rhombic dodecahe¬ 
drons j the six-sided j)rism, terminating pyramidally, had not yet 
been considered as a simple form; calc-spar had not been observcil 
in forms closely approximating those of fluor-spar and galena; 
garnet, analcimc, and calc-spar, had not been adduced as arguments 
for the occurrence of the same form, &c.). Our space will not admit 
of following the author through his memoir in further detail. 

In the magnetic iron of Achmatow, according to Kokscharow(2), 
the hcxakisoctohedron ^ 0 is met wdth in subordinate combina¬ 
tion. 

I)ana(3) has published a paper on the law^s of cohesion, lie 
inclines to the view, that the passage of inorganic bodies from iln; 
liquid into the solid state, is invariably attended with the assump¬ 
tion of crystalline structure. Ilis notion is, that the smallest sphe¬ 
rical or spheroidal particles of bodies are endowed with pai’ticular 
lines (axes), to which attraction is principally exerted, and the ter¬ 
minations of which exhibit a differenee of polarity. In more 
fully developing this view, he endeavours to deduce the crystrd- 
lographical and crystallophysical properties of hodiefr. Eor details, 
we refer to the original, as speculative investigations of this kind do 
not admit of a short abstract. In a special consideration of the 
crystallization of snow, l)ana(4) has given a more detailed illustra¬ 
tion of his views. 

iiemiitcariHin.— The crystallographical law, that corresponding parts 
of a crystalline form are uniformly altered by combination, suffers an 
exception whenever the form combining with the fundamental one is 


(1) Chera. Soc. Mem. Ill, 486—560. 

(2) f’ogg. Ann. LXXllI, 188. 


(3) Sill, Am. J. [2] IV, 364. 
(4^ Ibid. [2] V, 160. 
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lioniiheilric. llivicr(.‘(l) contests this exception, which, in liis opinion, 
is only apparent; he asserts (on observations made with sulphate of 
magnesia and with boracitc) that in corresponding parts of the funda¬ 
mental form, the same planes of combination invariably occur, but that 
some of them are so minute as to be invisible without a lens, and 
frequently even with its assistance. It is difficult to conceive, how 
these observations oppose the doctrine of heinihedrism, and how they 
can be considered as an argument, that Hauy^a law of symmetry 
holds gootl in all cases. Even if all the corners of a cube of boracitc 
ai'c truncated, the truncation, as is wtII known, is by no means 
uniform, inasmuch as the planes of the one tetrahedron exhibit a 
]>hysical deportment different from those of the other. 

Ter:itoio$?y of Crystals. —Holgcr announced in 1837, that he 
intcndcil to enrich mineralogy by the pathology of minerals, i.e., by 
the investigation of the question, how far raincrjils may be diseased 
111 composition, form, or origin. Part of this scientific field has been 
selected for cultivation by llandrimont(2), who communicates 
researches on tlic Teratology (doctrine of monstrosities) of crystals, 
commencing with observations on calc-spar. Tic has examined its 
cleavage, which, for the most part, was found to be different in 
cvystiillograjlineally equivalent directions; he has likewise investi- 
gatcil the lustre, &c., of the planes, and the angles formed by the 
terminal edges in one and the same crystal (the princijial rhombohe- 
dvon). The influence of gcmiiial formatiou is not considered. 

»ifr«reiicc of Antics In Crystals.— In a note On the Causes of the 
angular diffcrciiees in artificial crystals, Nickliis(3) attributes the dis- 
crcfiancics (sometimes exceeding a degree), occurring in his measure¬ 
ments of diflerciit crystals of biinalate of ammonia, to the presence of 
impurities not appreciable by analysis. 

niicrocryHtailomctry— An instrument for the determination of 
microscopic eiystals, by measuring their angles, has been de¬ 
scribed by Frankcnbcim(t). The moveable eye-piece of the 
microscope is furnished with a graduated circle, the body with 
a vernier, cross wires being placed in the focus of the eye-piece. 
The apex of the angle to be measured being placed in the centric 
of the cross, and one of its limbs being covered by one of the 
wires, the cyc-piccc is turned until the other limb appears under the 
same wire, when the amount of the rotation is read off. Frankcn- 
heim has not recorded any accurate determinations made by means of 


^1) Coiniit. Rend. XXV, 038. (3) Ibid. XXVII, 270 ; J. Pr. Chem. XLV, 372 

(2^ Ibid. 068. (n Fosg. Ann. XXXYll, 637. 
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taUom"iry. mstrumciit; nor have any such results been published by Cheva¬ 
lier (1), who proposed two glass plates rotating upon each other, 
each having a diameter ruled with the diamond, which is made to 
coincide with one of the limbs of the crystal-angle to be measured. 
Pacini(2), likewise, who proi)osed to turn the object, the stage of 
the microscope being provided with a rotating graduated circle, 
mentions no determinations made according to his plan. 

C. Schmidt(3) has carefully investigated a series of crystalline 
substances according to Frankenheim^s method, which he has 
minutely examined as to sources of erroj’, &c. J3y these observations 
the ap})licability of this method is established beyond any doubt. 
Interesting in this respect, is a comparison given by Schmidt(4), of 
his results obtained in microscopically measuring the crystals of 
phosphate of magnesia and ammonia, with those of Teschcmacher, 
who, working with larger crystals of the same compouiul, as found in 
guano (Tcscheraacher^s guanitc, identical with Ulcx^s struvite) 
availed himself of the reflecting goniometer. This compound belongs 
to the rhombic system. The ratio of brachydiagonal, microdiagonal, 
and principal axis, was found to be : 

0*5141 : 1 : 0’G341 by Schmidt. 

0’5429 : 1 : 0’G333 by Teschemacher. 

More complicated for ordinary measurements, is an arrangement 
described by Lee son (5), who proposes to substitute for the cross 
wires a doubly refracting prism, of such dimensions that the two 
images of the object obtained therewith, are not perfectly separated 
from each other. A plane angle of a crystal is measured under the 
microscope, by revolving the tube containing the prism until both 
images coincide, first in the direction of the one, and then in that 

of the other side of the crystal; the amount of rotation gives the 

angular distance. ^ 

Goniometer. —^Matthiesen(6) has described an instrument to be 
used both as a mechanical, and as a reflecting goniometer. 

Connection between Composition and crystalline Form.— licscarches 
on the most recondite causes of crystalline form have been com¬ 
municated to the Academy of Paris by Gaudin(7). He confines his 

(1) Dcs Microscopes et de Icur usage, etc.; Paris, 1839. 

(2J Nuovi Annali dclle Scienze Naturali di Bologna, 1845, Novetnlire. 

(3) Krystallonomische Untcrsuchungcn, odcr Entwurf ciner allgnmeincn Uiitcr- 
suchungsmethode der Siiftc und Excrete im thicrischen Organismus. Mitau u. Lcipz. 
1846. 

(4) Ann. Cli. Pharm. I.XI, 323. (6) Compt. Rend. XXIV, 781. 

(5) Chcni. Soc. Mem. IH. 550. (7) Ibid. XXV, 664. 
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communication to the consideration of examples* of six-planed and ^between" 
twelve-planed bipyramidal molecules, and of the three forms derived 
therefrom, namely, the rhombohedron, right and oblique rhombic 
prism. According to Gau-din, the form of a crystal is determined by 
the number and nature of its atoms; 3 atoms A form an equilateral 
triangular base, 2 atoms B an axis crossing it j 3 A 2 B, there¬ 
fore, “ WIG double pyramide triMrCy e’est-a-dire un hexaedre; alu~ 
mine, sesquioxyde tie fer.” The common expressions of crystallo- 
graphical nomenclature appear to be used in this paper in a pecu¬ 
liar sense. Nitre, as to its crystalline form, (Gaudin, certainly 
did not think of Frankenheim^s statement) appears side-by-side 
with calc-spar, and with quartz; felspar too, would crystallize in 
rhombohedrons, if pure; but it contains water and an excess of 
silica, and has an axis 7 atoms in length, which will not admit 
of its crystallizing as a right rhombic prism. If the reader should 
not understand these specimens of Gaudin's theory, he must 
patiently wait until the publication of the whole of the system, to 
which G audin refers “ afin d’Stre mieux compris” 

The connection of crystalline form and chemical composition has 
been likewise investigated by Delafosse(l); his researches also 
have been communicated only in abstract. According to his opinion 
the components of a chemical compound constitute partly the 
uuclcug and partly the shell of a crystalline molecule, whose form is 
determmed by the number of atoms composing both the nucleus and 
the shell. In the regular system, simple (holohedric) forms occur, of 
G, 8, 12, 24 and 48 planes; alum, crystallizing in the regular 
system, contains 24 atoms of water which arc shell-atoms, each 
of them corresponding to a plane of the crystalline molecule. In 
the case of substances which also exhibit tctrahedric planes, we find 
the number of the supposed shell-atoms suddenly compared with 
the number of planes, not of a simple form, but of a combination; 
in this case 4 had to be added to the above numbers. In a similar 
manner Bclafossc conceives the form of square-prismatic and of hex¬ 
agonal crystals, and promises, in a continuation of his investigation, to 
apply the knowledge thus acquired to the exposition of the siliceous 
minerals; this application, however, was possible only by adopting 
Si O as the formula of silicic acid, and by no longer representing 
the silicates, as had been frequently done, as double compounds, i. e, 
by no longer arranging silicic acid with alumina and the other 
bases (of the formula Me 0 of course). This conclusion, and the 

(l) Compt. Rend. XXVI, 90. 
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acquaintance with an octolicdric borax crystalli/inji; with 5 cq. of 
water, form sufficient data for a proper estimation of Delafossc’s 
views, ISlorcover, the fundamental principle of these views has been 
claimed by 13audrimont(l), who docs not, however, agree with its 
elaboration by Delafossc; his reclamation of priority has been 
answered by l)clafos 8 e( 2 ). 

Laurent, by applying some peculiar views of his own, endeavours 
to explain the differences presented in the analyses of substances, which, 
on the ground of their ])hysical jiropcrties, and especially of their crys¬ 
talline form arc considered as belonging to the same species, (epidotc, 
for instance). By the same views he tries to remove the anomaly of 
similar crystalline forms occurring with oxides and sulphides, which, 
according to opinions pretty generally adopted, arc represented by 
different chemical formuhe. Laurent(3) believes that the oxides 
of the formula MCjj O 3 likewise contain an equal number of atoms of 
both constituents, and arc capable of replacing, in varying ])ropor- 
tions, and without change in the crystalline form, the other oxide.s of 
the composition (MeO). He assumes, for instance, for sesquioxide 
of iron, a composition similar to that of the protoxide; in his o])inion 
sesquioxide of iron contains 1 atom of oxygen and I atom of a]i iron, 
with an atomic weight different from that of the iron in the j)rotoxide. 
In a similar manner he proceeds with the sul|)hides. 

Pasteur(l) has instituted researches on the connection between 
chemical composition, crystalline form, and direction of circular 
polarization. He points out that, in all tartrates (neutral, acid and 
double salts) planes of appi’oximatcly the same inclination are 
observed; all tartrates exhibited a similar construction in ono. part, 
and it was oidy about the boundaries of this part that different 
planes and different terminations generally occurred. The racemates 
resemble, in this respect, the tartrates. It appcaj^ that the prismatic 
nucleus of the ci’ystallinc molecule in all these salts is formed by 
the proximate constituent of invariable composition, while the varying 
quantities of base, or water of crystallization, accumulated towards 
the end of the molecule, give rise to dissimilar formation. Pasteur 
jthen points out the occurrence of hcmihcdric formation in tartrates; 
he states that hernihedrisrn might be exhibited sometimes by the one, 
sometimes by the other of the homologous terminating planes, so 

(1) Compl. Reml. XX VI, 209. 

(2) Ibid. 33r). 

(.3) Ibid. XXVII, 131; Phanii (‘entr. 18 IS, G79. 

fi) Ann. (Jh. Pliyi,. [3] XXIV, M2; the abslracl, Conipt. Rend. XXVI, fiAf.; In.s(. 
1818, l.')7, i.s completed li\ the report oi Rcguault, llalaid, Duniah, and Biol, Compt, 
Kcnd. XXVll, 101; Instil. 1818, 331. 
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that heiiiiliedrically-fonncd crystals of the one. kind presented a catop¬ 
tric image of those of the other; he distinguishes both kinds as 
right and left hcinihcdrisin. With tartrates only one kind of herai- 
hedrism occurred, and all of them, when in solution, turned the plane 
«jf ])olaHzatioii in the same direction. Of the various crystals depo- 
sitcil from a solution of the common racemate of soda and ammonia, 
(which, according to Mitscherlich, does not turn the plane of pola¬ 
risation), some exhibited right, and others left hemihedrism; the two 
kinds of crystals, collected, separated, and dissolved, turned the plane 
of polarization, the former in the one, the latter in the other direction. 
These two kinds of crystals yielded, by treatment with soda, a simple 
soda-salt, turning the ])lane of polarization, either to the right or to 
the left hand, in perfect accordance with the direction imparted 
by the double salt used in its preparation; the acid separated 
from one or the other of the double salts was likewise endowed 
with a rotating power in the one or the other direction. The common 
racemic acid of chemists, (which docs not turn the plane of polariza¬ 
tion,) hence cont|ined two acids of opposite rotating power, one 
of which was most likely tartaric acid. Pasteur thinks it probable 
that all substances }>roducing circular polarization are hcinihedric; 
in sugar this is certainly the ease. 

The researches of Pasteur afforded an opportunity to Laurent(l) 
of reminding us of some views proposed by him at an earlier period, 
and which did liot obtain the approbation of inquirers. lie is positive 
on the following points : 1. That a body might possess two distinct, 
but similar forms, and that a transition from one into the other could 
take })lace under trifling influences; 2. That two different substances 
of analogous composition could be isomorphous, even when belonging 
to different systems of crystallization, i. c. a cube could be isomor- 
])hous with a rhornbohedron, the edges of which form an angle of 
nearly 90'^, an hexagonal prism with a rhombic prism of an edge- 
angle of nearly 12tP; 3. That bodies belonging to the same series of 
chemical compounds, but not presenting an analogous composition, 
(not exhibiting in their formulae the same number of elementary 
atoms,) could be cither entirely or partially isomorphous or hemi- 
mor})hous. Substances similarly shaped in one^ dissimilarly shaped 
in other directions, arc, according to Laurent, hemimorphous. 

Assertion 1) is stated to be confirmed by Pasteur^s observations; 
wo shall consider them below (p. 25). Assertion 2) is true only if 
we limit ourselves to an a]iproximate consideration both of the form 

* 

(1) Conipt. Ucrifl. XXVJ. 032; J. Pharm. L3>XIV, 2()P. 
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and angles of a crystal, the consideration of the question, to which 
law of symmetry a form is to be referred, *. e. of the system of 
crystallization to which it belongs, being altogether neglected; in Ihc 
case instanced by Laurent, of a cubic substance A being isoinorphous 
with the rhombohcdric B, most crystallograjdiers would more correctly 
state, the substance A crystallized as a rhomboLcdron, the edges of 
which happened to agree closely with 90”.—Assertion 3), finally is 
stated to be confirmed by Pasteur*s obseiwations on the tartrates 
(p. 22). All depends here on the conception of the term isomor- 
])hism ; the original meaning being that of equal or similar form with 
analogous composition; Laurent^s appears to be that of equal or 
similar form with a somewhat similar composition (c. //. the presence 
of the same acid in several salts); the latter conception is extremely 
vague. As an additional support oil the correctness of assertion 3), 
Laurent adduces, moreover, that acetate and butyrate of copper 
exhibit the same crystalline form (with the latter only the com¬ 
bination 00 P. o P of the monocliiionictrie sy tem ^vas observed), 
notwithstanding that the former salt contains 1 equivalent, the latter 
2 equivalents of water of crystallization. According to Lies{l), 
however, the latter salt also contains only 1 equivalent of water of 
crystallization. 

In conclusion, Laurent mentions that an analogy of composition 
might be constructed for the concordant form of calc-spar and 
nitrate of soda (a possibility already ])ointed out by Schaffgotsch(2), 
and that for the formula} N NaOg and C 2 Cag Og, the specitic volumes 
of both salts arc found to be nearly the same (an accordance already 
pointed out by 11. Koj)p(3). 

Nickles(l-) also has mentioned some instances in which the simi¬ 
larity of components is manifested in a similar elaboration of form at 
one ])art, whilst the diversity of constituents is c^ibited in a dis¬ 
similar elaboration beyond this part. He considers formiate of 
baryta (anhydrous), acetate of baryta (which contains 3 equivalents 
of water), and metacetatc of baryta (which contains 1 eijuivalent of 
w’ater) as hetnimorphous, in Laurent's acceiitation of the term; 
it is true, the crystals of the former salt arc rhombic, those of the 
two other salts monoclinoractric; in all three, how^ever, wc find 
prismal planes, exhibiting an inclination under nearly the same 
angle. Nickles' statements respecting the acetate with 3 equiva¬ 
lents of water, differ however from those of Brooke. The similarity 

' ' • 4 r -1 

0) Corniit. Rend. XXVII, 321. (3) Pogg. Ann..LITI, 438. 

(2) I*ogg. Aim. XJ.VIIl, 335. { 1) Comi»t. Rend. XXVH, 611; Instil. 1848, 390. 
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of composition refers in this case to the acids belonging to one series. 
Chlorate and perchlorate of potassa, likewise, according to Nickles, 
are licjnimorphous; these two salts, also, crystallize in tPwo different 
systems. 

iiiiuorpiiism.—Several jdiysicists have endeavoured to demon¬ 
strate a certain relation existing between essentially different forms, 
affected by the same chemical compound, or to reduce one to the 
other; long ago calcareous-spur and arragonite elicited such in- 
([iiiries, and at a later j)eriod (1824) the rhombic and monoclino- 
metric crystals of suljdinr have been considered from a similar 
])oint of view by K ii pffer(l). More recently, a more extensive scries of 
dimorphous substances have been examined in this respect by 
T’asteur{2). lie thinks that he is able to demonstrate that isomor¬ 
phism is only an apparent anomaly in the laws of crystallization. 
In tlie various modilicatious of a dimorphous substance, the 
difference was more exhibited in the law of symmetry, than in the 
fundamental form; in all of them, fundamental fomis might be 
traced, of dimensions closely concordant or bearing a simple relation 
to each other, lie first endeavours to demonstrate this in the case 
of sulphur, whose inonocliiiometric crystals affect the form of a prism, 
the lateral ])lancs of which arc inclined at 90“ 32' and 89“ 28', whilst 
the angles formed by the lateral and terminal planes are 94” 6' 
and 85“ 51'; in the rectangular prism of the rhombic system, 
to which the other modification of sulphur belongs, all the angles 
arc = 90“. Again, in both monoclinometric and rhombic sul¬ 
phur, ])laucs occur exhibiting nearly the same angle with the 
terminal jdancs. Pasteur considers the fundamental form in both 
modifications of sulpJiur to be nearly the same, the angles of inclina¬ 
tion of certain planes being very similar, whether the crystallization 
of the sulphur was influenced by the law of symmetry of the rhombic or 
monoclinometric systems.—In a similar manner, Pasteur considers 
other dimorj)hous substances; several relations pointed out by him 
are very interesting, but neither a general law, nor even a confirma¬ 
tion of his view, can be deduced from his investigations. Angular 
differences, ammmting to 3“ or 4“, not being regarded in the funda¬ 
mental forms of the different modifications, there is no form in any 
system which could not, on the law of the change of axes in simple 
relations, be made comparable with every other form within these 
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(1) I’ogg. Ann. 11, 423. 

(2) Ann. Cli. Phys. [.3] XXIII, 267; iiialislracl, Compt. llend. XXVI, 353; J. Phanu. 

[3] XII, 453; Inslit. 1848, 94. 
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limits, particularly if forms arc considered comparable, which arc ah 
dissiuiilar as an oblique rhombic prism, and a right rectangular j)rism 
(the latter being the same for all substances belonging to the rlionibic 
system, and, consequently, not characteristic of any one). I’asteur^s 
view, that dimorphism depends more upon the law of symmetry than 
on the dimensions of the fundamental form, is in strong oj)position 
to the fact, that the different modifications of dimorphous substances 
may belong to the same system of crystallization, lie endeavours 
indeed to remove this contradiction, by asserting that such modi¬ 
fications were not isomorphous, but isomeric; this, howevtu', leads 
him to contradict his own theory, inasmuch as he starts with 
considering dimorphous substances generally as a class of ^isomeric 
bodies, and this confusion is by no means cleared by his afterwards 
pointing out that those substances arc isomorphous in which tlic mole¬ 
cular arrangement is subject only to slight variations.—The arbitrary 
nature of Pasteur's comparisons is evinced, moreover, by the circum¬ 
stance that Kupffer, (with whose investigations Pasteur appears tf) 
have been unacquainted), by comparing the two forms of sulphur in a 
]ferfectly different position, arrived nevertheless at a much closei’ 
concordance of the angles.—Pasteur's results .n,rc contradicted also 
by the following fact: sulphate of ])rotoxide of nickel (NiO, SO., 
+ 7 110) occurs in square-prismatic and in rhombic crystals, in 
the latter case, in prisms nearly rectangular.—According to Pasteur, 
the section of these prisms, which is nearly square, corrcsj)oii(ls to 
the square one of the other modification; ho considers the princi|)al 
axis of the square crystals to cori’cspond with the princij)al axis of th(‘ 
rhombic modification. We should accordingly imagine that, in a 
rhombic crystal, when passing without change of its external outlines, 
into an aggregate of square crystals, the ])riucipal axis of the latter 
would be parallel with the principal axis of the former cry.stul. How¬ 
ever, in effecting this passage slowly, the reverse may be very dis¬ 
tinctly observed; the principal axis of the square form stands at a 
right angle to the principal axis of the rhombic form.—The intro¬ 
duction to Pasteur's investigations contains, moreover, the a<lditlonal 
assertion, that it is intended to demonstrate the possif)ility of deter¬ 
mining, a priori, which bodies arc susceptible of dimorphism, and 
of fixing the general characters of the second form. This possibility 
is scarcely obvious from his researches. 

Polymeric and licteromcrlc iNomorplilHin. —Itcspccting the views of 
Scheerer on polymeric isomorjihisni, and those of Hermann on 
heteromevism, both based upon examples exclusively borrowed from 
mineralogy, the reader is refiu’red to our mincrnlogieal Rejinrf. 
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Siici'lflc Gravity. Uctcrinlnatlun of the specific Gravity of solid 
itodics.— (}. llo8c(l) has coninmnicatcd sonic experiments respecting netermi- 
tlie errors occurring in the determination of the specific gravity of thespecifltf 
solid bodiiis, ivhcn weighed in tlic state of lincst division. Hisexperi- 
ments embraced gold, silver, platinum, and sulphate of baryta. The 
s )ecific gravity of gold, when fused alone, was found to be 19*30 to 
19-31, when fused under carbonate of soda 19’32 to 19*33, under 
borax 19*33 to 19*34, under chloride of sodium 19*30 (the determi¬ 
nations refer to IT^'b). When compressed by a coining press, 
gold was found to have a sjiecific gi’avity of 19*31 to 19*34. The 
specific gravity of finely divided gold, when precipitated by green 
vitriol, was found to be 19*55 to 20*72, and 19*49 when precipitated 
by oxalic acid. The sjiecific gravity of silver was 10*53 when fused, 

10 57 when compressed, 10*56 to 10*02 when precipitated, from the 
nitrate, by means of sulphate of protoxide of iron. I'incly divided 
platinum, obtained by ignition of the binoxidc, showed as high a 
specific gravity as 26*11, while that of the metal in the compact state is 
only 21 to 22. In later experiments, made with platinum black, pre- 
[lared by various processes, the specific gravity w'as found to be 
between 16*03 and 22*89, once even only 14*89. In determining 
the specific gravity of the crystalline sulphate of baryta, as occurring in 
nature, Hose observed 1*48 to 4*49, vriiile the specific gravity of the 
precipitate, as formed on .addition of sulphuric acid to chloride of 
barium, Avas found to be 4*53. Hose concludes that substances, 
when fimdy divided, exhibit higher specific gravities than nheii 
tieeurring in compact masses, that the numbers obtained for the specific 
gravities increase with the minuteness of the division, and that these 
discrepancies arise from the condensation of water on the surface of 
the substances, augmenting with the degree of their division. 

Osann(2) diws attention to some earlier cxpcriments(3) made by 
him with ])latiimm and glass. He had observed that the specific gravity 
of platinum diminished, whilst that of glass increased, when larger 
(juaiitities of the substances were employed in the experiments; and 
he believes that this result is to be attributed to the attraction of 
w'atcr for, and consequent condensation of its vapour upon glass, whilst 
})latinuni (especially with a somewhat greasy surface) had an op[) 0 - 
site tendency. 


(1) I’ogg. Aim. LXXlll, 1; lAXV, 103; in abstract Ami. Cli. Pliarm. LXVlll, 
150, 

(2) lbi<l. lAXIII, (>05. 

lliiil. XI ; Ka!^tucl■’l> Arch, lb 38. 
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Gras8i(l) communicates several specific gravities, which he deter¬ 
mined with Kegnault’s volumenometer. His results arc as 
follows: 


Nitre in large crystals 

2-109 

Potato-flour 

. 1-502 

„ „ small crj'stals 

2-143 

Starch 

. 1-520 

„ fiised . 

2-132 

Oak-wood, dry , 

. 1-.505 

Sea-salt, dry 

2-142 

Cotton 

. 1-949 

Rock-salt . 

2-207 

Wool 

. . l'G14 

Powder, for guns 

2-085 

Y'arn 

. . 1-792 

„ for muskets 

2-189 

Sponge 

. 1-921 


II. Rose has examined the changes of density occurring in 
alumina, and in niobic, pclopic, and tantalic acids, when exposed to 
different degrees of temperature. (See below. Report on these sub¬ 
stances). 

Oetcrmlnatton or tlie specific Gravities of Liquids, llydroiiietcr.— 

Alexander(2) has proposed the application of a loug-lcnown prin¬ 
ciple for determining the specific gravity of liquids. Two parallel 
graduated glass tubes, both open at one end, and communicating 
with each other at their other ends, at which is a small syringe, arc 
introduced, the one into water, the other into the liquid to be 
examined.. The air in the tubes is now slightly rarified by moans 
of the syringe, when, by comparing the elevation of the water, and 
of the other liquid in the tubes, the ratio of the spficitic gravities 
is given. Alexander calls this instrunjent/sydroyrte/e/*; he recom¬ 
mends it for practical purposes, but it is scarcely probable that it 
will be generally adopted. 

iletermlnatlon of tbe specific Gravity of Gases. —R. E. Mar¬ 
ch and (3) has determined the specific gravity of several gases 
according to a new method. A large glass balloon is filled with a 
gas, which is then expelled by another gas, and fixed by jwoper 
absorbents, both temperature and pressure remaining^onstant iluring 
the experiment. The increase in weight of the absorbent, which of 
course must have no attraction for the replacing gas, indicates the 
amount of gas expelled. If the same balloon be employed in con¬ 
secutive experiments with several gases, the weights of equal volumes 
are obtained, and hence the ratio of their specific gravities. In Mar¬ 
ch an d^s experiments, oxygen for instance was displaced by carbonic 
acid, and absorbed by either copper or phosphorus; carbonic acid 
c.xpdled by atmospheric air, was fixed by potassa, &c. The specific 
gravity of oxygen being 1, that of carbonic acid was found tt) be 

(1) J. Pharm. [3] XI, 184. 

(2) Pogg. Aim. LXX, 137; in abstract Ann. Ch. Phatm. LXIV, 153. 

(3) J. Pr. Chem. XLIV, 38; Ann. Ch. Pharm. LXVIII, 202. 
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1-3826 and 1*3819, that of carbonic oxide 0*87503, that of sulphu¬ 
rous acid 2*01116, as the average results of a series of well con¬ 
cordant experiments. 

itclatloii tietiveen Composition and speciflc Gravity. Of 
Gases.— II unt(l) has communicated his views, why, in the gaseous 
state tlie specific gravity of sulphur is treble, and that of nitrogen 
only half of what the specific gravity of these bodies should be, if 
equivalent quantities of sulphur, nitrogen, and oxygen, (in the state of 
gas) occupied the same space. According to Hunt, the sulphur with 
which we are acquainted is S.,, and belongs to the same ty])e as ozone 
(O3), and sulphurous acid (SOg). Elementary nitrogen is unknown ; 
the gas obtained from atmospheric air by the removal of oxygen, being 
NN, an amide (most likely nitryle). 

dipccifle Volume of solid Bodies.— Eilhol(2) has published the first 
part of his researches on the relations existing between atomic 
wciglit, crystalline form, and specific gravity. His memoir contains 
some observations on the investigations in this field by others, (inr 
conjpletcly studied, as it appears, by Filhol), with determinations 
and views of his own. 

No details are given as to the methods followed in determining the 
specific gravities; in some cases indications of these methods would 
have been very desirable. Eilhol gives the following determina¬ 
tions : 


10. 4-250 

AsOj 3-884 
AmOj 4-250 

HaO 5-456 
SrO 4*611 
CaO 3*180 
ZnO 5*612 
PbO 9*361 
CuO 6*322 
AI3 034*154 

KCl 1*994 
NaCl 2-240 
HaCl 3*750 
SrCl 2*960 
CaCl 2*240 
FeCl 2*528 


KI 

3 056 i 

KO, 

SO, 



2*625 , 

KO, 

HO 

2*041 

Nal 

3*450 

NaO, 

SO 3 



2*629 

NaO, 

HO 

2*130 

B.*il 

4*917 ' 

' Si-0, 

SO., 



3-770: 

: BaO, 

HO 

4 495 

Pbl 

6*38^ 

CaO, 

so; 



3-102 

SrO, 

HO 

3*025 

llgl 

6*250 

MgO, 

S 03 



2-628 

BaO, 

9 no 

1*656 

Agl 

5-500 

ZnO, 

S 03 



3 400 

SrO, 

9 HO 

1*396 


2*130 

CaO, 

S 03 



3-530 

ZnO, 

110 

3*053 

KS 

FeO, 

so. 



2-841 

CaO, 

HO 

2*078 

NaS 

KO, CO 3 

2*471 

2*267 

Ago, 

PbO, 

S 03 

S 03 



5- 410 

6- 300 

BaCI 

SrCl 

+ 2 HO 
+ 6 110 

2*004 

1*603 

NaO, CO .2 
BaO, CO 3 

NaOjNOj 

2*509 

4*565 

2*260 

NaO, 

CaO, 

MgO, 

SOa +10 
SO 3 + 2 

SO,+ 7 

no 

HO 

110 

1- 520 

2- 331 
1*751 

CaCl 

MgCl 

FeCl 

+ 6 IIO 
i + 6 HO 
+ 4 110 

1*635 

1*558 

1*926 

BaO, NO, 

3*200 

FeO, 

SO, + 

7 

HO 

1*904 

SrO, 

NO 5+5 HO 

2*113 

SrO, NOg 

2*857 

ZnO, 

S 03 + 

7 

HO 

2*036 

CaO, 

NOs+ 4 HO 

1*780 

CaO, NOs 

2*240 

CuO, 


5 

HO 

2*286 

NaO, 

2 BO, 

2*367 

PbO, NO, 

4*581 

AIA,3S03- 

1-18 no 

} 1*569 

NaO, 

2BOa+101IO 1*692 


Filhol finds, that the specific volumes of baryta and strontia, when 
calculated according to the specific volumes admitted by 11. Kopp 


(1) Sill. Am. J. [2] VI, 170. 

( 2 ) Ann, Ch. Phys. [3] XXI, 415; in abstract Ann. Ch. Pharm. LXIV, 155. 
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for barium, slrontium and oxygen in a state of coniliiuati«)ii, acronl 
with the results obtained by direct observation; lie believes, hut 
erroneously, that he has thus proved that barium and strontium entei- 
into combinations under their original specific volume. In order lo 
show that the specific volumes of the salts of heavy metals, iu tlni 
oxides of which oxygen is assumed under the same specific volume, 
may be explained as well by the theory of oxygen-, as by that 
of hydrogen-acids (a fact, which nobody has ever doubted), lie 
gives, with all the details of calculation, 31 empirical proofs of tin* 
matjicmatical truth, that (A + 11) + C = A + (II + C). Pilhol 
returns to the methods, superseded by recent researches, of com¬ 
paring the specific gravity of a chemical compound (J)), the 
specific gi’avitics of both of whose constituents arc Icnowm, w ith that of 
a mixture of both constituents in the same proportions (A), lie 


calls the value 


D—A 
D 


the coefficient of condensation which w as for¬ 


merly expressed by 


A^ 


(whenever the coefficients of condensation 


under one accejitation of the term arc found to be equal for sevei :il 
compounds, they are so, likewise, under the other acceptation). Like 
others before him, Filhol finds for analogous comjionnds the eoi*ffi- 
cients of condensation to be sometimes concordant, and sometimes vrrv 
discrepant, and he observes, that the coefficients having been fouiul to 
be the same for two compounds, the specific gravity of the one may 
be calculated (‘^ a priori” as he calls it) by means of the coefficient 
of condensation ascertained for the other. lie finds, however, also, 
and very justly, that the coefficients of condensation are not suffi¬ 
ciently concordant to found a general law upon this observa¬ 
tion. 

Specific VnlumcN of hydrated Salts. — A memoir the s[)ccifie 
volumes of hydrated salts, and their connection with the speeific 
volumes of the constituents, has been published by Joule and 
Playfair(l). At an earlier period they had asserted, and endea¬ 
voured to confirm by observation, that, of salts containing a largt* 
quantity of water of crystallization, the constituent, prestmt in 
solution along with the water, did not occupy any space, and that 
the hydrated salts in the solid state occupied the same space as the 
water contained therein, for the specific gravity of which, Ijowcver, 
that of ice 0*9184, (or the specific volume 9*8, always referring 
to atomic weights of the hydrogen-scale H = 1), was to be assunu'd 


(1) Clifin. Soc, (Jii. J. f, 1.19. 
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in some salts, iu others 0*8163 (or the specific volume 11*025). The vofuinefot 
specific volumes were multiples of the number 1*225, which is **^ 3 ^“**^^* 
adopted as the unit of volume, to which the other statements 
lefer. 

Their assertions having been received with some doubts, the present 
memoir is intended to prove the correctness of their views in the case 
of some salts, and particularly that they contain the water with the 
volume of ice; however, this new line of argument also still admits 
of doubts. 

They show, that the specific volumes of the salts NaO, COg + 

10 HO; 2 NaO, HO, TOg 4 24 HO; 3 NaO, PO 5 4 24 HO; 

2 NaO, 110, ASO 542 I HO, and 3 NaO, AsOg 4 24 HO, as 
dctluccd from direct observation of the density, arc almost accurately 
ri‘|)rcsent(;d by values, which arc obtained by multiplying the number 
of equivalents of Avater of cr)'stalli/.ation by 9*8 (the specific volume 
of iee). They conclude, that in these cases, space was occupied only 
by the solid Avater, the other constituents occupying no space. 

The same is found with cane-sugar and milk-sugar; carbon, as 
filling space, had disappeared in these instances. 

TJiis (theoretically incomprehensible) result is not observed with 
other salts, for instance, with sulphates ; with the hydrated sulphates of 
(/aO, /nO, IMgO, FcO, NiO, NaO, A^Og, AA'ith borax and pyro- 
phos])hatc of soda, this annihilation as to space aftccts by no means 
all the constituents occurring along with the water, but only the acid. 

In these salts the base occupies the same space as when isolated, 
the Avatcr the same as Avhen converted into ice; both till the total 
volume of the salts, the acid only lias ceased to occupy space. This 
theoretical speculation is also confirmed by the sulphate of ]u*otoxidc of 
nickel, by assuming it, (as Joule and Playfair have done), to contain 
G equivalents of water, when calculation gives exactly the specific 
gravity found for the salt crystallizing with 7 equivalents of w*ater, 

(wdiich is isomorphous Avith the sulphate of protoxide of zinc); the 
latter determination is adduced as confirming the former calculation. 

The same confirmation is derived from the alums, in which also 
the 4 equivalents of sulphuric acid fail to occupy space, the whole 
space being filled by the 24 equivalents of water of crystallization, 
(considered as ice), Avith the bases, (the specific volumes of Avhich arc, 
in some cases, assumed to be different from what has been found by 
direct observation ; alumina, sesquioxide of iron, &c., being present 
in the alums in the unignited state). 

A very different deportment is observed with the double salts, 
containing with 1 equivalent of sulphate of protoxide of zinc, or 
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an isomorphons oxide, 1 equivalent of an alkaline sulpluite, and 
6 equivalents of water. In tlicsc salts the space is filled l)y the 
G equivalents of water, as ice, by the alkaline sulphate, and by the 
base of the other sulphate j the sulphuric acid of this latter salt has 
ceased to occupy space. It deserves to be remarked, that according to 
the numbers of Joule and Playfair, we may just as well assume 
that the sulphuric acid of the alkaline sulphate has lost the power of 
occupying space; both hypotheses lead to exactly the same results. 

That the authors of this memoir arc investigators of established 
reputation, does not remove the incomprehensibility of the pro[)o- 
sition, that in phosphate of soda, which we have before our eyes, it is 
only the water which fills space, neither acid nor base occupying any. 
As if by magic, the latter, as relating to space, apjiear only on 
heating.—Acid and base occupy no space, hccavse the assump¬ 
tion has been made, that the water is present with the spccillc 
volume of ice, whence no room is left for them. 

It is very probable, that the concordant results obtained by .Tonic 
and Playfair, are due to some peculiar law ; the cx])rcssion, however, 
which they have cho.sen is inadmissible. They find this expression 
confirmed by the fact of its leading, for several substances, pretty 
accurately to the specific volumes, obtained by observation. It may 
be observed here, that they frequently consider as a series of confir¬ 
mations, what is actually one confirmation only. A series of several 
bodies of analogous formuhn, possessing the same, or nearly the same 
specific volume, and to w^hosc corresponding constituent a uniform spe¬ 
cific volume is attributed, affords by no means a similar scries of argu¬ 
ments for the correctness of an assnmption; taken together, they consti¬ 
tute only owe, (for, if the assumption agrees with one of these bodies, it 
musty whether right or wrong, agree with all the others), or no argument 
whatc\ er, if the assumption has been made for such ^ body only, and 
not also for one of a different formula and different specific volume. 
Tlie authors point out some additional coincidences; as above men¬ 
tioned, 1*225 is considered by them as the number, the multiples of 
which are the specific volumes of the bodies; the number of units of 
volume ascribed to a body is obtained by dividing its specific volume 
by 1*225. Now they find, that the sulphates of the magnesia-series 
contain as many atoms of water of crystallization (in opposition to 
water of constitution; the authors represent, however, the former by 
the latter), as there are units of volume in the base; the phosphates 
and arseniates, on the other hand, as many as there arc units of volume 
contained in the acid. This, however, they state, to have been most 
likely only accidental. 
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Nltcrljlr Vtiinnie of similarly j^liapcd Bodies.— Gci’har(.lt(l) has 
"jivi’ii a synopsis of minerals, crystallising, in his opinion, in regular 
oetolicilrous, and represented, according to ordinary views, by a great 
\ ariety of formulfc, (minerals of the grou[) of spinell, martitc, titano- 
ferrite, periklase, perowslcitc, braiinite). He states, that very nearly the 
same specific volume is found for all these minerals, if their formula; 
be written in such a manner as to combine with every equivalent of 
oxygen one ccpiivalent of metal of any kind, (for this, some of the 
usually adopted equivalents have, of course, to he altered). The result 
is rather strulling, especially when we find in this synopsis, along with 
s jstanecs crystallizing in the regular system, compounds belonging 
to the square-prismatic system, (braiinite, because its form differs but 
little from a regular octohedron,) and rhombohedral forms, (titano- 
ferrite lan-lly,) while the compositions ado])tcd iii many cases (as for 
chr()T*'o ferrite of St. Domingo and perilJasc) ai'e perfectly erroneous. 

On tlic (Joiidrnsatlon of Water when mixed with Acid!*.— Nau- 
m an u (2) has published a paper on the condensation of the water-atoms 
in hydrateil acids. Tie considers the following results as probable: If aii 
aciil, (hypothetically anhydrous,) containing n equivalents of oxygen, 
combines with watiu’, the value of condensation c, (i. c. the diffe¬ 
rence (ff‘ the spccilie volumes of w'ater, in the mixture, and 
isolated,) of every newly added equivalent of water, (with the excep¬ 
tion of the nth,) is given by the proportion v: 0 = ^ : x, v repre-. 
sentiug the specific volume of the acid previously to its receiving the 
iiLiv equivalent, <p the original specific volume of the water; for the 
will equivalent of water itself Naum aim gives the proportion v: 

= \//: c, in which v and c denote the same values, as before, ip being 
the specific volume belonging, according to the. preceding development, 
to the (w — l)th equivalent in the mixture.—The author endea¬ 
vours to trace this law by an examination of the staternimts made 
respecting the specific gravities of aqueous mixtures of nitric, acetic, 
and sulphuric acids ; as to the two former acids, the indications agree 
with it; as to sulphuric acid, the older experiments of Dalton were 
found concordant; not those of tire, but more so, the most recent 
ones by Bineau. Naumann^s law is, that within certain limits, 
the condensation of water, when mixed with an (aqueous) acid, 
diminishes, while the specific volume of the acid increases.^^ His 
distinction of the first series of equivalents and the wth equivalent 
of water is artificial; and improbable, at least, is his expression of 


(1) J. Pharm. [3] .381; Sill. Am. J. [2] IV, 105. 

(2) J. Pr. Chpin. XLIII, 1; Ann. Cli. Pliarm. I.XYTIl, 218. 
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the regularity, if actually existing; for it would be necessary to 
assume that, in aqueous nitric acid (NOg, + 4 HO,) the water was 
in, at least, 4 difi'creiit states, (namely, each of the equivalents added 
to NOg, HO with a peculiar specific volume). 


TIIERMOLOGY. 


Sources of Heat. OlHenRaRrcment of Heat aiirins Chemical 
Combination.— Andrcws(l) states as the result of his researches on the 
heat evolved during metallic substitution, that when an equivalent of a 
metal replaces another in a solution of any of its salts of the same 
order, the heat developed is, with the same metals, constantly the same, 
the expression of a solution of the same order being understood to 
mean a solution in which the same kind of prccijjitate is produced by the 
addition of an alkali, or in which the metal exists in the same state of 
oxidation. The metallic salts, in the precipitation of which by other 
metals, the Evolved heat was ascertained, were those of copper, precipi¬ 
tated by zinc, iron, or lead; of silver, precipitated by zinc or copper; and 
of lead, mercury, and platinum, precipitated by zinc; the acids were 
sulphuric, hydrochloric, acetic, and formic acids. A further deduction 
is this: that, if three metals. A, B and C be so related, that A is capable of 
displacing B and C from their combinations, and also B capable of 
displacing C, then the heat developed in the substitution of A for C, 
will be equal to that developed in the substitution of A for B, added 
to that developed in the substitution of B for C. 

Andrews(2) has also again determined the quantity of heat which 
is disengaged in the combination of bodies with oxygen and chlorine. 
The combination of the gases with oxygen took place m a copper vessel 
of about 380 cub. cent, capacity, and was induced by the electric 
ignition of a fine platinum wire. The copper vessel was immersed 
into a water-calorimeter, which, after having been perfectly closed, 
was suspended in a wide cylinder, capable of being rapidly rotated 
round its horizontal axis. By this rotation, which was performed 
both before and after the combination of the gases, it was intended to 
establish a complete uniformity of temperature in the water of 
the calorimeter. If, in the combination of two gases, water was 
generated, the heat evolved in the condensation of the vapour had 
to be subtracted. The results are contained in the following table, in 


(1) Phil. Mag. [3] XXXII, 392. 


(2) Phil. Mag. [3] XXXII, 321, 426. 
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which the quantity of heat necessary to raise the temperature of 

J grin, of water through 1*^, is taken as unit: Disen- 

° gngemeiit 

of heat (lu< 

i 

Name of the gas. 

ring'chem- 

Heat of combustion. leal combi* 

atlon. 

Of 1 litre 
of tlic gas 
with 
oxygen. 

Deviation 
from the 
mean. 

Of 1 litre 
of oxygen 
with the 
gas. 

Of 1 grm. 
of oxygen 
with the 
gas. 

Corrected 
for aqueous 
vapour. 

Of 1 grm. 
of the gas 
with 
oxygen. 

Hydrogen ... 
Carbonic oxide . 
iifarsli gas. . . 

Olefiant gas . . 

.3036 

3057 

9421 

13016 

1 

16 

G 

10 

40 

6072 

6114 

4716 

5003 

1 

4226 

4233 

3277 

3483 

3539 

2931 

3232 

33808 

2431 

13108 

11942 


The combination of solid and liquid bodies with oxygen was con¬ 
ducted in a cup of platinum or porcelain, suspended by means of 
platinmn wires in a copper vessel of about 4 litres capacity, which was 
filled with oxygen. The whole was introduced into a water-calo¬ 
rimeter, in the cooling-water of which it was gently moved up and 
down, in order to produce an uniform distribution of heat through 
the apparatus. In these experiments, the inflammation was also 
eflcctcd by a platinum wire, ignited by means of the electric current. 
The corrections necessary on acco\int of the cooling or heating 
influence of the surrounding air, were so small in each case, that 
they <N)nld be made on *80100 simple assumptions. The results are as 
follows: 


Substance. 

1 

Number 
of experi¬ 
ments. 

Heat of combustion. 

1 grm. of 
the sub¬ 
stance with 
oxygen. 

Deviation 
from the 
mean. 

1 grm. of 
oxygen 
with the 
substance. 

1 litre of 
oxygen 
with the 
substance. 

Wood-charcoal. 

8 

7678 

121 

2879 

4137 

Sulphur. 

4 

2307 

31 

2307 

3315 

Alcohol. 

4 

6850 j 

98 

3282 

4716 

Phosphorus. 

3 

5747 

59 

4509 

6479 

Zinc. 

3 

1301 

4 

5366 

7710 

iron. 

3 



4134 

3940 

Tin. 

3 



4230 

6078 

Protoxide of tin . . . . 

3 

521 

3 

4349 

6249 

Copper. 

3 

_ 


2394 

3440 

Siiboxide of copper ' . . . 

3 

2.36 

6 

2288 

3288 


To effect the combustion of the metals, a small quantity of phos¬ 
phorus (about 8 milligrm.) was added, whose 'heat of combustion 

D 2 
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had to be deducted.—The most important determination, is that of the 
heat disengaged in the combustion of carbon. Andrews prejiarcd 
this by boiling wood-charcoal in nitro-hydrochloric acid, and then 
exposing it for several hours at a slow red heat to the action of dry 
chlorine, and ultimately to a white heat under a layer of charcoal; 
the platinum capsule w'as weighed again after the exjicrirnent; a 
certain amount of unburned carbon remaining behind along with the 
earthy impurities, notwithstanding the great excess of oxygen. 
Dulong had found (as a mean) 7288 units, Despretz 7912, 
Lavoisier 762‘1*, Favre and Silbermann: 


Spec, heat accorrlitig to Regnault. 
For Diamond 0-147 

„ Graphite 0-201 

„ Wood-charcoal 0-242 


Ileal of coiubiiialion. 
7824 
7778 
8080 


Some later experiments of Andrews, in which the carbon was 
burned in a platinum cage, only f,th being converted into cai-bonic 
oxide, gave 7860 units, or, corrected for the carbonic oxide formed, 
7881 units. 

The conclusion to which some physicists had been led by 
Dulong’s results, namely, that the heat disengaged in the com¬ 
bustion of a compound gas was equal to that evolved in the com¬ 
bustion of its constituents, must be considered as refuted by the 
numbers above communicated. By calculating on this hypothesis, 
the heat of combustion of 1 litre of vapour of carbon, from the 
results obtained with marsh-gas and olefiant gas, we arrive at two 
very different numbers: 


1 litre of marsh gas . . 

2 litres of hydrogen . . 

Dulong. 

9588 

6212 

Andrews. 

9420 

6072 

1 litre of oleiiant gas. . 

2 litres of hydrogen . 

Dulong. 

15338 

6212 

Andrews. 

15014 

0072 

1 litre of vapour of carbon 

3376 

3348 

1 litre of vapour of carbon 

4563 

4471 


To induce the combination with chlorine, the substances, enclosed 
in hermetically sealed and very fragile little glass balls, were intro¬ 
duced into a glass vessel, the air of which was afterwards expelled 
by dry chlorine. After immersion of the glass vessel in the cop¬ 
per calorimeter the glass balls were broken by a sudden concus¬ 
sion. Both the apparatus and method of cxjicriment resembled those 
used in the case of oxygen. The combination of potassium and 
chlorine took place in a brass vessel, which was not sensibly attacked 
by dry chlorine.—Zinc combined with chlorine only in the presence 
of water, and it was necessary to deduct, from the result of obser- 
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vation, the heat disengaged by the chloride of zinc, when dissolving 
ill the water. The following are the results : 




Chlorine. 


Substance. 


1 litre. 

1 grm. 

1 

1 equiv. 

1 grm. 

Potassium . 

. 9329 

2943 

13008 

2655 

Tin . . . 

. 2844 

897 

3066 

1079 

Antimony 

. 2726 

860 

3804 

707 

Arsenic . . 

. 2232 

704 

3114 

994 

Mercury . . 

. 2605 

822 

3633 

— 

Pho.sphorus . 

. 1925 

607 

2683 

3422 ? 

Zinc . . . 

. 4524 

1427 

6309 

1529 

Copper . . 

. 2734 

859 

3805 

961 

Iron . . . 

. 2920 

921 

4072 

1745 


S o u r <. L* :> 
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Many of these bodies, as iron, antimony, tin, and zinc, (the latter 
ill a less striking maimer), appear to evolve equal quantities of heat 
wlien eoinbiniug with either oxygen or chlorine.—The opinion that 
the above thermal effects arc equal to those which are produced in 
the reaction of these bodies upon each other in the moist way, is 
supfiortcd as yet by one instance only. The heat disengaged in pre- 
ei])itating metallic copper from a solution by means of zinc, should be 
»‘quHl to the difference of the quantities of hc'at evolved in the coin- 
biiiatioiis of zinc and of copper, respectively, with oxygen, added to 
that, which is developed by the substitution of protoxide of zinc for 
protoxide of copper. Wc have (Zn with 0) — (Cu with 0) = .5366 
— 2391- = 2972, and by adding 353, arising from substitution of 
one oxide for the other, wc obtain 3325 units of heat, a number 
sufficiently agreeing with the result of observation 3435. On the 
other hand wc have: 


Conipoiiiifl dry. Compound in solulion. 

Zn with Cl . . . G.WJ . . 7025 

Cu with Cl . . . 3805 . . 4167 

2504 2858 

Neither of these numbers agrees wuth 3325, the amount disengaged 
in the substitution of zinc for copper. The thermal effects arc, there¬ 
fore, not favourable to the hypothesis, that the metallic chlorides 
exist, as such, in solution. 

Favreand Silbcrmann(l) in continuing their researches on the 
heat evolved in chemical combinations, have arrived at the following 
results: 

1. In the decomposition of calcareous spar by licat 308*1 units of 


(1) Conipt. Rend. XXIV, 1081. 
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heat were absorbed; the conversion of arragonite into calcareous spar 
gave rise to a disengagement of 38*3 units; in the decomposition of 
arragonite 299 3 units were absorbed. 

2. In the decomposition of protoxide of nitrogen into its consti- 
tuentSj the evolution of I grm. of oxygen was attended with a disen¬ 
gagement of 1090'5 units. 

3 . In the decomposition of binoxidc of hydrogen, a disengagement 
of 1303 units took place, to which have to be added somewhat more 
than 600 units consumed in the gasification of the oxygen: together 
about 1950 units.. 

4. Evolution of heat in mixing 1 grm. of SO 4 II (hydrated sul¬ 
phuric acid) with water: 


With the first . 
„ „ second 

first 
second 
„ first . 
„ second 


tt 


ff 

tf 


i eq- 

I 

a ff 

i ff 

klff 

1 

U ff 

I 

9 ff 


of w. 9*4 

With 1 eq. of w. 

61*7 

With 7eq. ofw. 141*H 

„ 8*8 

»» 2 „ ,, 

94*6 

„ 8 „ „ 145*1 

„ 18-8 

>1 3 ,, ,, 

111*9 

„ 9 „ „ 118*5 

,, 17-2 

»» 4 ,, „ 

122*2 

„ 10 „ „ 118*1 

» 36-7 

„ 28*3 

i» 3 i» » 

>» 6 „ ,, 

130*7 

136*2 

„ 20 „ „ 148*7 


Evolution of heat, in mixing 1 grm. of SO 4 11 4 - HO with the 
first 4: eq. 9*2, with the second ^ eq. 7'8; with the first ^ eq. 17'3, 
with the second | eq. 12-3. Evolution of heat, in mixing 1 grm. of 
SO 4 Tl 4 - 2HO with the first ^ eq. of water 9‘5, with the second 
cq. 7 * 6 . 

5. Evolution of heat in the combinations of bases with acids in 
equivalent proportions, the acids highly diluted and in great excess. 


1 grm. of hydrate of lime 
saturated with 

Sulphuric acid . . . C69'2 
Hydrochloric acid . . 603’2 
Nitric acid .... C07'0 
Acetic acid .... 518*2 


1 grm. of potassa, diluted with 
water, saturated with 


Sulphuric acid . 
Nitric acid . . 
Hydrochloric acid 
Metaphosphoric 


.311-8 

312*5 

314*4 

325*4 


Phosphoric acid 
Acetic acid . . 
Citric acid . . 


323-y 

283*5 

268*3 


1 grm. of soda, dilute, satu¬ 
rated with 

Sulphuric acid . . 464*3 
Nitric acid ■ . . . 470*8 

Hydrochloric acid . 465*3 
Metaphosphoric acid 474*4 
Phosphoric acid . . 480*1 
Fonuic acid . . , 407*7 
Acetic acid . . . 418*0 
Valerianic acid . . 414*1 
Citric acid , . , 103*7 


1 grm. of ammonia, dilute, 
saturated with 

Sulphuric acid . . 529*7 

1 grm. of baryta, dissolved, 
saturated with: 

Hydrochloric acid . 181*7 
Acetic acid . . . 158*5 

1 grm. of crystallized 
baryta in 4*460 grm. 
of water, saturated 
with acetic acid . 80*7 


1 grm. of strontin, dis¬ 
solved, saturated with 

Hydrochloric acid . 184-7 

Protoxide of iron pre¬ 
cipitated with 1 grm. 
of ammonia . . . 71*7 

1 grm. of protoxide 
of iron ditto . . . 323*4 


In forming acid salts, Favre and Silbcrmanii worked with 
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2 decigrm. uf potassa and soda; the dask contained 12cc. of water. 
The following numbers refer to 1 grm. of base : 


1. Potassa with oxalic acid. 


2. Soda with oxalic acid. 


3. Potassa with tartaric acid. 


1 cq. of acid 287*5 

2 „ „ „ 285*1 muchw. 

345*61 little 
354*6 J water. 

1 579*81 the flask 
617*0 j. filled 
610*0 J with w. 


1 cq. 428*2 

2 „ 619*4 much water. 

4 „ 688*0 much water. 

650*11 saturated with 
707*4 J water. 


1 cq. 264 

2 „ 455*2 much water. 

480.6 little water. 
8 „ 482*0 


Sources 
of beat. 

Dlsen- 
gB(;cment 
ofheBt du¬ 
ring cbetn- 
Icnl combi¬ 
nation. 


4. Soda with tartaric acid. 


1 cq. of acid 392*4 4 cq. 392*1 much water. 

2„ „ „ 387*1 much water. 596*1 little water. 

586*9 little water. 1 413*7 much water. 

590*0 little water. 


6 . Alumina, sesquioxidc of iron, and sesquioxide of uranium, when 
precipitated by 1 grm. of ammonia disengaged 134*2, 295*8, 518*5 
units, or, reduced to 1 grm. of the oxides, 605*2, 234*3, 2*1. 

7. Hence the equivalents of bases evolve the following quantities 
of heat: 


Lime 607 Potassa 539 
Soda 520 Ammonia 492 


Baryta 492 Protoxide of iron 404 
Strontia 343 Sesquioxide of iron 661 


Alumina 1113 
Sesquioxide 
of uranium 11 


8 . The following table contains the quantities of heat absorbed in 
dissolv ing 1 grm. of the following crystals: 


Nitrate uf ammonia . 

. 63*3 

Sulphate of lime 


. 23*1 


„ soda 

. 43*6 

„ „ lime dissolved in sulphate 


„ potassa . 

. 66*9 

of ammonia 


. 0-0 

}f 

„ strontia . 

. 39*3 

Potossa-alum . 

• 

. 22.4 


„ lime 

. 25*7 

Ammonia-alum 

• 

. 18*2 

Chloride of sodium 

. 8*5 

Acetate uf soda 

• 

. 26*9 

ff 

„ potassium 

. 47*6 

„ „ potassa . 


+ 11*6 

ft 

„ barium 

. 16*1 

ft ft ft acid . 


. 18*5 

ft 

„ strontium 

. 23*8 

„ „ lime 


+ 21*9 

ft 

„ ammonium 

. 66*2 

„ „ baryta . 


. 3*3 

it 

,, calcium 

. 14*6 

Oxalic acid (cryst.) . 


. 58*7 

Sulphate of potassa 

. 33*3 

Oxalate of potassa . 


. 36*9 

19 

,, soda ... 

. 47*1 

» >1 f. (acid) . 


. .59*5 

ft 

„ alumina 

+ 12*7 

Carbonate of potassa 


+ 2*5 

ff 

„ ammonia 

. 10*4 

ft ft ft (acid) 


. 49*1 

fi 

„ sesquioxide of luranium 

+ 10*2 

„ „ soda . 

• 

. 49*8 

ft 

„ potassa (acid) 

. 24*3 

Tartaric acid (cryst.) 

• 

. 18*8 

ft 

„ protoxide of iron . 

. 11*6 

Tartrate of potassa 


. 16*5 

if 

„ protoxide of iron and po- 

,1 ,, soda . . 

• 

. 24.2 


tassa . 

. 20*6 

„ „ potassa aud soda 

• 

. 39*3 

tt 

„ baryta . 

. 52*2 

Phosphate of soda . 

• 

. 49*4 

ff 

„ strontia 

. 58*4 

Pyrophosphate of soda 


. 21*1 

The sign + indicates an 

evolution of heat. In mixing sulphate of 


iron with sul]>hate of potassa, sulphate of iron with sulphate of 
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of jieat*' sulphate of alumina with sulphate of soda^ sulphate of 

Dtsen- alumina with sulphate of jmtassa, sulphate of alumina with sulphate 
tdu- of ammonia, tartrate of soda with tartrate of potassa, no calorific 
tauw, effect became perceptible. 

nau«. Amoiifi; the conclusions to which the authors of this investigation 
have been led by their results, we point out the following as charac¬ 
teristic,—1. That a neutral salt T, in solution, and in the crystalline 
state, constitutes two isomeric bodies, e. g. SO^ K and Sjj Og Kg; 
2. That the acid salts and double salts are formed only during 
crystallization; they were the crystallized neutral salts M~ du type, 
remplucd par des M qaelconquts 3. That a new sujjport has been 
given to the opinion, which considers the latent fusion-heat in 
w'ater as the result of a chemical process, HO in ice passing into 
n (HO), where n represents any simple number. It is not the first 
time that the valuable observation8(l) of MM. Favre and Silbcr- 
mann are associated with conclusions, the necessary connection of 
which, with the former, is not evident. The heat disengaged during 
the combustion of bisulphide of carbon, and of carbon in protoxide of 
nitrogen, has led them to the theory of the splitting {dMouhlenient) 
of the elements, a doctrine which they appear to dcvelopc wuth daily 
increasing vigour. 

Another paper(2) is devoted to the investigation of the heat evolved 
during the substitution, in solutions, of one metal for another, or of 
oxides for each other. The chemical reaction was conducted in a 
tlask provided with a serpentine (to cool the hydrogen evolved in 
several cases) and a safety-tube (for pouring in the acid). 


grni. of 

when acted on by 

gives 

evolving units of heat 

Zinc 

SO, H 

SO, Zn + H 

520 

Zinc 

NOg Ag 

NOg Zn+Ag 

1187 

Zinc 

SO, Cu 

SO, Zn + Cu 

^ C93 

Zinc 

C4n3 0.,Pb 

C, H;,0, Zn + Pb 

4G6 

Copper 

NOg Ag 

NOg Cu + Ag 

501 

Iron 

SO, Cu 

SO, Fe + Cu 

G47 


The heat evolved in the substitution of zinc for silver was indirectly 
ascertained, the latter being first replaced by copper, and then again 
by zinc, 501 -f 693 amounts nearly to 1187.—^To deduce from the above 
result the heat of combustion of the metals, it is necessaiy to. add the 
heat developed in the conversion of the replaced metal into oxide, and 
of the oxide into hydrate, and in the combinations of the latter with 
the anhydrous acid; whilst the heat disengaged, by the replacing 

(n Compl. Rviid. XXII, 82a, 1140; XXHT, 199, 111. 


( 2 ) Ibid. XXVI. 595. 
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metal, ill the conversion of its oxide into hydrate, and in the com- hViu 
bination of the hydrate with the anhydrous acid, has to be deducted. Disen- 
Favre and Silbcrmanii ascertained, that, when combining with or“he^du- 
dilute acids, 1 grm. of precipitated oxide, (anhydi’ous, or in the state 
of hydrate,) disengages the following number of heat-units, nati^ 


no witli any acid 0 

Sulphuric acid. 241 

Nitric acid 206 

Hydrochloric acid 204 

^Acetic aciil 179 

FeOv\ith Sulphuric acid 291 


ZiiO with -I 


CuO with 


f Sulpharic acid. . .185 

L Nitric acid . . .148 

PbO with Acetic acid . . .61 

AgO with Nitric acid . . .51 

ZtiO with concen. hydrocldoric acid 245 
(atdiydroiis) 


Hence the heat of combustion of the metals is found to be 



1 grm. 

1 cq. 


1 grm. 

1 cq. 

Hydrogen . 

. .34462 

34462 

Copper . 

. . . 6.55 

21280 

Iruii . . . 

. 1332 

3.'-i964 

Lead 

... 255 

26520 

Zinc . . . 

. 1277 

41503 

Silver 

... 49 

5292 


incciianivai Equivalent of Heat.— Joulc(l) lias determined the 
niediaiiical equivalent of heat by comparing the heat evolved by 
the friction of a horizontal paddle-wheel, with the force necessary to 
effect the rotation of the wheel. A brass wheel was moved by means 
of a descending weight, in one scries of experiments in water, in 
another series in sperm oil; as a mean of nine experiments in each 
scries, the mechanical equivalent of the heat-unit was found to be 
428 and 429 mctrcgramme8(2). * A third scries of expcrimcnts{3), in 
which an iron w'heel was moved in mercury, gave, as average of six ex¬ 
periments, 432*1. A claim to priority on the part of M ay er(4) induced 
.Tonlc(.')) to publish a synopsis of his researches upon this subject, in 
wliich lie insists upon the priority of his inquiry. In attributing the 
mechanical effect of the expansion of gases entirely to the heat of cx- 
])ansion as determined by llulong (0®’421 for a compression of ^ 7 - 7)1 
the mechanical equivalent is found to be only 368*5 metregrammes, 
and we are the more inclined to believe that a loss of heat in Joule's 
experiments has given too high a number for the mechanical equiva¬ 
lent, since a test, which appeared to J oulc(6) a corroboration of his 
determinations, when more minutely investigated, leads to an opposite 
result. If wc assume, with Joule, the mechanical equivalent of 
heat to be 430 metregrammes, the ratio of the specific heat of air at 
constant volume to that at constant pressure is found equal to 1*077; 
and the square root of this number, when multiplied by Newton's ve¬ 
locity of sound 280”* gives 290"'*4, a result considerably below truth. 


(1) Phil. Mag. [3] XXXI, 173. 

(2) 1 grm. raised 1 metre, or 0'0072348 lbs. raised 1 foot, 

(3) Compt. Rend. XXV, 309. (5) Compt. Rend. XXVIII, 132. 

(t) Compt. Rend. XXVI, 385. (6) PhQ. Mag. XXXI, 114. 
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Mechani¬ 
cal equiva¬ 
lent of 
heat. 


Seguin(l) communicates a contribution to the determination of the 
mechanical equivalent of heat. He calculates the mechanical eflcct, 
exerted by steam of 180'^, while it exjiands and cools to 80’’, part t)f 
its free heat becoming latent as heat of expansion. The unit of heat 
exerts 

between 180" and 160“ an effect of 395 mctregramineii. 


ff 

ICO 

ff 

140 

ft 

412 

ff 

ff 

140 

ff 

120 

11 

440 

ff 

ff 

120 

ff 

100 

ft 

472 

ft 

ff 

100 

ft 

80 

ft 

529 

9f 


or, as a mean, a mechanical effect of 449 grm., which arc raised to 
the height of 1 metre. Seguin announces, that he is engaged in 
an extensive series of investigations, in order to demonstrate that the 
phenomena of heat are only phenomena of motion, and consequently 
subject to the law of general gravitation. 

expansion of solid Bodies by Heat.— Joule and Playfair(2) have 
endeavoured to determine the expansion of several solid bodies. 
For this purpose little glass bottles were used, as employed in 
the determination of specific gravities. The expansion of the glass 
was found, by filling a bottle of this kind with water, and insert¬ 
ing a graduated thermometer tube as stopper; the water in the 
tube stood at the same point at 3‘’*84 and 7^'67; hence, the 
expansion of the glass within this interval of temperature is equal 
to that of the water between the same limits; the result of Despretz 
being adopted for the latter, the cubic expansion of glass between 
0 ° and 100“ was found to be equal to 0‘002788. Another experiment, 
made in the same manner, gave 0'002798. 

It wab then ascertained how much oil of turpentine a bottle was 
capable of holding at different temperatures. The expansion of solid 
bodies was determined in the following manner : the bottle, partially 
filled with oil of turpentine, was weighed, and a Quantity of the 
substance under examination having been introduced, its weight 
was again determined. After having removed, by means of an air- 
pump, the air adhering to the substance, the vacant space in the bottle 
was filled up with oil of turpentine, and the ^ermometer-tube 
inserted as a stopper. Ultimately, the weight of the bottles filled 
at different temperatures (between 3“5 and 31“5) was ascertained. 
From these observations it was possible to calculate how much space 
the substance, under examination, occupied at diflferent temperatures, 
and consequently its expansion between 0“ and 100“. Tlic authors 
state, as the result of many experiments, that the expansion of 
salts was found to be uniform. The specific gravity of the oil of 


(I) Compt. Rend. XXV, 420. 


(2) Chem. Soc. Mcra. I. 121. 
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turpentine having been ascertained, these experiments also gave the 
specific gravities of the substances investigated. The following are 
the results of their observations : 




Cubic 

Spec. 

Substance. 

Formula. 

expansion 

gi-av. 



0 — 100 ». 

rit 

Copper. 

Cu 

00055 

8-367 

Ditto ..... 

ff 

0007G7 

8-416 

Protoxide of mercury 

UgO 

000580 

11-136 

vv » lead • • ■ 

Pb 0 

000795 

9-363 

J^rotosesquiox. of manganese . 

Mn,, 0 ^ 

0-00522 

4-325 

Itinoxidc of tin 

Sn 0., 

0-00172 

6-712 

rrutotiidphide of lead 

Pb S 

0-01045 

6-924 

Chloride of potassium 

K Cl 

0-01094 

1-978 

„ „ barium 

Ba Cl + 2 HO 

0-00987 

3-054 

„ „ ammonium . 

NH 4 Cl 

0-0191 

1-533 

Nitrate of soda 

NaO, NO, 

0-0128 

2-201 

,, ,, potassa . 

KO, NOj 

0-01967 

2-108 

ditlo • ■ • 

» 

0-0172# 

2-096 

„ „ ditto 

ff 

0-01949 

2-107 

„ 1, protoxide of lead . 

PbO, NOg 

0-00839 

4-472 

„ „ baryta . 

BaO, NO, 

0-00452 

3-101 

Chlorate of potassa 

KO, CIO, 

KO, CrO; 

0-01711 

2-326 

Chromate of potassa 

0-01134 

2-711 

Ditto. 

19 

0-01101 

2-723 

Kichromatc of jmtassa . 

KO, 2 CrO, 

0-0122 

2-692 

Bichro.nate of chi. of potassium 

KCl + 2 CrO, 

0-01.590 

2-497 

Oxalic acid .... 

no, C« O 3 + 2 HO 

0-02748 

1-611 

Oxalate of potassa . 

KO, a 0, + 110 

0-01162 

2-127 

Biiioxalatc of potassa 

KO, 2 Cj O 3 + 3 HO 

0 01134 

2-044 

Quadroxalate of potassa . 

KO, 4 Cj 0 , + 7 HO 

0-01592 

1-849 

Oxalate of ammonia 

Nil, 0, Co 03 + 110 

0-00876 

1-500 

Binoxalatc of ammonia . 

NH 4 0,2 Co 0 , + 3 no 

0-01372 

1-613 

Quadroxalate of ammonia 

Nil, 0, 4 C.; 0, 1 - 7 no 

KO; SO, 

0-01435 

1-652 

Sulphate of potassa 

0-01070 

2-656 

Bisnlphate of potassa 

KO, SO, + HO, SO 3 

0-01229 

2-178 

Sulphate of ammonia 

Nil, 0, SO, 

0-01093 

1-761 

Sulphate of protoxide of cop. . 

CuO, SO 3 + 5 HO 

0-00953 

2-290 

Ditto . . . ] . 

99 

0-00532 

2-212 

Ditto « • • ■ « 

If 

0-00812 

2-278 

Sulphate of protoxide of iron . 

FeO, SO, + 7 HO 

0-01153 

1-883 

„ of magnesia . 

MgO, SO, + 7 HO 

0-01019 

1-689 

„ of protox. of cop. & ammo. 

CuO, SO, + Nii, 0, SO 3 + 6 IIO 

0-00661 

1-894 

>> »i »f »i II potassa 

CnO, S0,+ KO, S0,+ 6 HO 

0-00904 

2-164 

„ of magnesia and potassa . 

MgO, SO 3 +KO, SO;,+ 6 HO 

0-00937 

2-053 

„ of sesqniox. of chromium 1 
and potassa . . . J 

Cr, O 3 , 3 SO 3 + K 0 ,S 03 + 24 HO 

0-00524 

1-856 

„ of alumina and potassa . 

AI 3 O 3 ,3 SO 3 + KO, SO 3 + 24 HO 

0-00368 

1-751 

„ of protoxide of zinc andl 
potassa . . . . j 

ZnO, SO 3 + KO, SO 3 + 6 IIO 

0-00824 

2-240 

„ of magnesia and ammonia 

MgO, SO 3 + NH, 0, SO;, + 6 HO 

0-00716 

1-717 

Cane sugar .... 

C ,2 Hj, 0 ,, 

0-01116 

1-593 

Sugar of milk 

Cj 3 Hjj 0 ,.j ^ 

0-00911 

1-534 


If several experiments were made with the same substance, the 
expansions observed exhibited rather considerable discrepancies. 
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ExpRiicloii 
of solid bo¬ 
dies by 
bent. 


Joule and Playfair believe that these discrepancies arise from 
an actual difference in the physical properties of the substances 
examined: the cojipcr, (reduced from the oxide by means of 
hydrogen; in one experiment, had been exposed to a higher tem¬ 
perature than in the other ; the nitrate of potassa had been partly 
employed in large crystals enclosing a certain quantity of water, 
partly in small ones, &c. However, the expansion of the nitre 
containing water was found inferior to that of the anhydrous crystals, 
a fact which could have scarcely been expected; it is very probable that 
the discrepancies in the results, obtained with the same substance, 
have to be attributed to the method; and that these results, as far 
as the expansion is concerned, require confirmation or correction. 

In three series of experiments, independent of each other, Schu¬ 
macher, Pohrt, and Moritz(l) have found the linear expansion of 
ice for an interval of lOO^ to be 0 00534, 0 00513, and 0 00518. 
(Hrunucr's e.\periments had given the number 0'00375, those of 
March and the number 0'0035.) 

Expansion of liquid Bodies toy Heat.— Pierre has published seve¬ 
ral papers upon the expansion of liquids: a subject more extensively 
investigated by liim than by any other inquirer. The first of these 
])apers has appeared previously to the time when this report com¬ 
mences ; we will, nevertheless, give the results contained therein, in 
order to form a complete synopsis of Pierre's experiments upon 
expansion. 

It may be stated at once, that the method of preparing, and, in 
most cases, the analysis of the substances investigated has been given, 
that the specific gravity was taken for 0*', and that the atmospheric 
pressure was ascertained at the time of determining the boiling point. 
The investigation of the expansion was made aceoi;j^ing to the ther- 
mometrical method; the details of the manner of experimenting and 
calculating are accurately described by Pierre, in the introduction 
to his first pHpcr(2). Wc report the result obtained with each 
body, the formula, which gives the true volume V for a temperature 
t”, the volume at (F = 1, and add in brackets the limits of tempe¬ 
rature, within which the experiments were instituted. 

In the first memoir, Pierre communicates the expansion of the 
following liquids: 

Water, (HO;. The memoir gives only the numerous individual 
experiments made with this substance, the communication of which 
would exceed the limits of this report. Pierre found no formula ac- 

(I) From: Arch. f. wisscnschaftl. Kiiude v. Riisslaiut, VII. 333, in Arch. Ph, Nat. 
X, 47. 

"j; Atm. Ch. Phys. [3] XV, 325. 
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curately representing the expansion of water from — 13® to 100 '^, nor 
has he dedueed from his experiments a table in which the expan¬ 
sions for uniformly increasing temperatures could be seen. 

Alcohol (spirits of'wine, hydrated oxide of ethyl; Ilg O 3 ). 
Spec. grav. 0-8151. Boiling point 78‘’-3 at 758""”. 

V 1 + 0 0010186 t + 0 0000017151012 + 0-000000001345 t» (— 32«-2 to + 76» G) 
Pyroxylic spirit (hydrated oxide of methyl; Cgll^O^). Spec, 
grav. 0-8207. Boiling point 66®*3 at 759""”. 

V = 1 + 0-00118561 + 0-00000156491* + 0-0000000091111* (—38»-0to + 69«-4) 

Bisulphide of carbon (C S 2 ). Spec. grav. 1‘2931. Boiling point 
1.7”.9 at 755’”"'-8. 

V = 1 + 0-00113981 + 0-00000137071* + 0-0000000191231» (—340-9 to 590 - 6 ) 

Ether (oxide of ethyl; C 4 Hg 0). Spec. grav. 0-7358. Boiling 
point 35"-5 at 755'"'”-8. 

V = 1 + 0-00151321 + 0-00000235921® + 0-0000000400511* (—150-4 to + 380-l) 
Hydrochloric ether (chloride of ethyl; Hg Cl). Spec. grav. 

0 - 9211 . Boiling point 11" at 758""". 

V = 1 + 0-00157461 + 0-00000281371* + 0-0000000156981*(—31H to + 26“ 4) 
Hydrohromic ether (bromide of ethyl; ITg Br). Spec. grav. 

1 ■ 1733. Boiling point 40-"7 at 757""”. 

V = 1 + 0-00133761 + 0-00000150131® + 0-0000000169001“ (—31»-9 to + 53“-7) 
Hydriodic ether (iodide of ethyl; C 4 Hg I). Spec. grav. 1*9755. 

Boiling point 70" at 751’"™-7. 

V = 1 + 0-00114231 + 0-00000196381® + 0-0000000062061^ (—34“-8 to 71“-9) 
Bromide of methyl (Cg II;j Br). Spec. grav. 1-6641. Boiling point 

about 13" at 759 

V = 1 + 0-0014152t + 0-000003315342 + 0 000000113811® (—34“-6 to 27“-8) 
Iodide of methyl (Cg II 3 I). Spec. grav. 2-1992. Boiling point 

43«*8 at 750'"“-2. 

V = 1 + 0-00119961 + 0-000002163342 + 0 0000000100511“ (—35"-4 to 61“-5) 
Formic ether (formiatc of oxide of ethyl; Cg Hg O 4 ). Spec. grav. 

0-9357. Boiling point 52"-9 at 752‘”"'. 

V = 1 + 0-0013252 4 + 0-00000286254* + 0 0000000066180 42 (—32<^4 to 61“-6) 
Acetate of oxide of methyl (Cg Hg O4). Spec. grav. 0*8668 (?). 

Boiling point 59"*5 at 761"""-2. 

V = 1 + 0-00129601 + 0-00000290984* + 0-000000004257 42 (—34“-3 to 66“-3.) 
In a second paper(1) the author has communicated the investigation 

of the following liquids : 


Rxpansiun 
oi liquid 
bodies by 
iieut. 


(1) Ann. Ch. Phys. [3] XIX, 193; abstracted Ann. Ch. Pharm. LXIV. 160. 



46 


PHYSICS AND PHYSICAL CHEMISTRY. 


Rxpandioii 
of liquid 
liodieu by 
heat. 


Fusel oil (potato-oil, hydrated oxide of amyl j 0^). Spec, 

grav. 0'8271. Boiling point 131"-8 at 751'""*'3. 

V = 1 + 0-00089001 t + 0-0000006572912 + 0-000000011846(0« to 80") 

V = 1 + 0-00089885 t + 0-000000687451- + 0-000000010096(80" to 150") 

Pierre calculates the expansion up to 80” by means of the first, 
that beyond 80” by means of the second formula; one formula failing 
to exjircss his observations accurately enough for the whole interval 
between 0 and 130”. 

Acetic ether (acetate of oxide of ethyl; Hy O 4 ). Spec. grav. 
0-9069. Boiling point 74”-l at 766"*”'*5. 

V = 1 + 0-00125851 + 0-00000295691= + 0*000000001492(—36«-2 (0 72"-4) 

Butyrate of oxide of methyl (C,q H,o Oj. Spec. grav. 1*0393. 
Boiling point 102”* 1 at 743'"'". (Both properties differ considerably 
from those observed by H. Kopp, Comp. p. 50). 

V= 1 + 0-00123991 + 0 00000062602512 + 0-000000013066 t» (0"to 99"-8) 

Butyric ether (butyrate of oxide of ethyl; C 12 H 12 O 4 ). Spec, 
grav. 0*9019. Boiling point 119” at 746'"'"*5. 

V = 1 + 0-00120281 + 0-0000000722312 + 0-000000022631' (0" lo 100") 

V = 1 + 0.00063271 + 0-00001276312 + 0-00000005028 !•< (100" to 118") 

A third paper(l) contains the investigation of the following liquids : 

Terchloridc of phosphorus (P CI 3 ). Spec. grav. 1*6162. Boil¬ 
ing point 78”*3 at 751"""*5. 

V = 1 + 0*00112861 + 0.0000008728812 + 0.0000179211" (—35"-7 to + 74"-9) 

Terbromide of phosphorus (P Brj). Spec. grav. 2*9219. Boiling 

point 175”*3 at 760'"'"*3. 

V = 1 + 0-000847201 + 0,000000436721® 0*0000000025281» (0" to 100") 

V = 1 + 0-000821271 + 0-0000009143112 + 0-0000000003551 * (100" lo 175") 

Terchloridc of arsenic (As CI3). Spec. grav. 2*2050. Boiling 

point 133”*8 at 756'"'"’9. ^ 

V = 1 + 0-000979071 + 0-0000009669512 + 0*0000000017772 f (— 14»*9 to 130"*2) 

Bichloride of tin (Sn CI 2 ). Spec. grav. 2*2671. Boiling point 
115”*4 at 753'"'"*1. 

V =1 + 0 00113281 + 0-0000009117112 + 0-00000000757981® (— lO" ! lo 112" 6) 

Bichloride of titanium (Ti Clg). Spec. grav. 1*7609. Boiling 
point 136” at 762'"'"*3. 

V=1 + 0*0009425691 + 0-0000013458 12 + 0*000000000888 12 (—22«*1 lo l34"-2) 

Terchloridc of silicium (Si CI3). Spec. grav. 1*5237. Boiling- 
point 59” at 760“'"*1. 

v = 1 + 0-0012941 1 + 0*0000021841 1 ® + 0*000000040864 I-"* (— 32"*4 to 58"-6) 


(1) Ann. Ch. Phy. [3] XX, 5 ; abstracted Ann. Ch. Pharm. LXIV, 168, 
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Terhromide of silicium (Si Brg). • Spec. grav. 2‘8128. Boiling 
point 153“-4. at 762'""*'5. 

V=1 +0-000952571 +0-00000075674 t2 +0-0000000002921 (0« to 149.® 5). 

Chloride of elayl (oil of olefiant gas, Dutch liquid; C 4 H 4 CI 2 ) ■ 
Spec. grav. 1’2803. Boiling point 84'^-9 at 761"‘"'*9. 

V^l + 0-00111891 +0-00000104691® +0-000000010341 f (—22»-7 to +83"-8) 

Bromide of elayl (C 4 H 4 Bi^). Spec. grav. 2‘1629 at 20‘’*8 
(solidifies at 13°). Boiling point 132°-6 at 756““"-9. The formuhe; 

V=] +0-00095270(1 + 0-0000013165 (12 + 0-0000000010627 d® (20° to 100°) 

V = 1 + 0-0010168 (1 + 0-00000010223 (1^ +0-000000008788(1» + (100° to 1.32"-6) 

give the volume for a temperature (the former hetween 20 ° and 100 °, 
tlu; latter between 100° and 132°'G) which is d° higher than 20°'09, 
the volume at the latter temperature being = 1 . 

Bromine (Br). Spec. grav. 3*1872. Boiling point 63° at 760'"™. 

V=. 1 + 0-0010382 12 + 0-0000017114 t2 + 0-000000005447{— 7®-4'to + 60"-2) 

Pier re/s fourth paper (1), lastly, treats of the following liquids : 

Suljihurous acid (SO„). Spec. grav. 1*4911 at — 20°*5, Boiling 
point — 8 ° at 759'““*2. 

V = 1 + 0-00149641 + 0*00002233751^ — 0-000000495759(— 25-9 to — 9"-5) 
this formula gives the volume for a temperature, which is d° higher 
than — 25”*85, the volume at the latter temperature = 1. 

Sulphite of oxide of ethyl (C 4 II 5 S 0.,). Spec. grav. 1*1063. 
Boiling point 1G0°*3 at 768‘""“*8. 

V- l + 0-000993181 + 0-0000010904 12 + 0-0000000015391(0° to 100"-1) 

For most of these liquids Pierre has calculated tables, indicating 
their volume at dificrent temperatures, the volume at 0 °, at the 
boiling point, or at other temperatures, being = 1 . We cite 
those referring to volumes at the boiling temperature. The annexed 
table gives the volume of a liquid at 5, 10, 15., gene¬ 

rally—D°, below the boiling point, the volume at the latter being 
= 10000. For bisulphide of carbon, ether and formic other, for which 
Pierre has not constructed any tables, have calculated them on 
the basis of the boiling points and the formulae of expansion, which 
he has given; for water, we refer to what has been stated above, 
(page 45.) 

Along with his observations, and the formulas of expansion 
resulting therefrom, Pierre has communicated some considerations 
respecting the irregularities in the expansion of the liquids investi- 


Kxpansioii 
of ll(iuid 
bodies by 
heat. 


(1) Ann. Cli. Phy, [3] XXI. 336; abstracted Ann. Ch. Pharm, LXIV, 177. 
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*^on?quid” 3 ,n(l whether tliey can be employed in the construction of 

correct thermometers; farther a comparison of the average expansion 
for 1 “ during an elevation of temperature from 0 “ to t'^, (the average ’ 
coefficient of expansion,) with the expansion during an elevation of 
temperature from t^ to (t + 1)^’ (the true coefficient at t") (1), Tie 
compares, moreover, the changes of volume, exhibited by equal bxdks 
of ditferent liquids at their boiling points, when cooled an equal 
number of degrees below these boiling points; this comparison is 
contained in the annexed table. It deserves, however, to be noticed, 
that rierrc(3), misled by an error of calculation, considered the 
contractions of formic ether and of acetate of oxide of mctliyl, as 
different, (and hence a difference in the case of all isomeric liquids as 
probable,) whilst his observations, as well (compare tabic) as the 
experiments of II. Kopp, which will be quoted directly, leave no 
doubt respecting the equality of the contraction of these com¬ 
pounds. Lastly he points out that the spccitic volume of sulphite of 
oxide of ethyl (C 4 II 5 S O 3 = C 4 Hg 0 + S Og) at its boiling point 
exactly equals the sum of the sjjecific volumes of ether (C 4 Ilg 0 ) 
and of sulphurous acid (SOg) at their boiling points. 

H. Kopp (3) has published researches on the specific gravity, the 
expansion by heat, and the boiling point of several liquids. He first 
describes the construction of his thermometers and dilatonieters, 
(thermoraeter-like instruments for determining the expansion of 
liquids,) the method and the calculation of^ic ex])erimcnts on (ixpaii- 
sion, the determinations of the specific gravity, and of the boiling point; 
he then passes over to the investigation of 18 liquids, the preparation 
and analysis of which are communicated, and gives the results which 
he has obtained. The specific gravities arc found for 0 ^*, and refer to 
water of the same temperature as unit. The boiling points are 
corrected for a barometric pressure of 760"””, on t^e supposition that 
for small distances from the boiling point, the law of Dalton may 
be considered as correct, and according to Rcgnault^s determination 
respecting the oscillations of the boiling point of water, with the changes 
of the barometer; with most substances the boiling point was ob¬ 
served both with the thermometer half immersed in the li(juid and en¬ 
tirely surrounded by the vapour. We give here the latter observations. 
The following formulae for expansion are (with the exceptions of those 


(1) A synopsis of these results, important for thermometry in general, has been given 
by Pierre in Compt. Rend. XXVII, 213. 

(2) Ann.Ch. Phvs. [3] XV, 403. 

(3) Pogg. Ann. LXXII, 1 and 223. 
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for water) the means of formula), which being derived from various 
series of observations, and with the application of variouh appa- 
ratus, had given very concordant results; they give the true volume 

V at a tcmi)erature t®, the volume at 0 " = 1 ; we give here likewise 

VI brackets the limits of temperature within which the experiments of 
expansion were instituted. 

Water (IIO); the expansion of water from 0® to 100° cannot be 
accurately represented by one formula; Kopp gives the following 
expressions for the temperatures: 

0 to 25" : V = 1—0*0000610451 + 0-000007718312—0*00000003734 
25 „ 50" : V = 1—0-0000654151 +0-000007758712 — 0 0000000354081* 

50 „ 75" : V = 1 + 0-000059161 + 0*00000318491* + 0-00000000728181* 

75 „ 100" : V = 1 + 0-000086451 +0-000003189212 + 0 00000000244871* 

From the first of these formula), the temperature at which the 
water has its maximum density, is found to be 4°*08. 

Pyroxylic spirit (hydrated oxide of methyl; C« H 4 Oo). Spec, 
gray. 0*8179G. Boiling point 65°.5. 

V= 1 + 0 - 001 151351 — 0-0000002804612 +0*0000000277661* (0" to C9"-0) 
Alcohol (spirits of wine, hydrated oxide of ethyl; C 4 Ilg O^). 
Spec. grav. 0*80950. Boiling point 78°*4. 

V -= 1 + 0-001011391 + 0 00000078361® + O’OOOOOOOl 76181* (0® to 79«-8) 

Fusel-alcohol (potato-oil, hydrated oxide of amyl » ^10 1^12 ^ 2 )- 
Spec. grav. 0*8253. Boiling point 131°*1. 

V = 1 + 0-000906921 + 0-0000003597012+ 0-0000000137861-'* (lP-6 to 130"-9) 
Ether (oxide of ethyl; C. H= 0 or Co ILo Oo). Spec. grav. 

0*73658. Boiling point 34°*9. 

V =-1 + 0 001480261 + 0-000003503161® + 0-0000000270071* (0» to 33«-0) 
Aldehyde (hydrated oxide of acetyl; C. H. 0,). Spec. grav. 
0*80092. Boiling point 20 °* 8 . 

V=1 + 0-00154641 + 0*00000697451® (0" to 21"*2) 

Acetone (C 3 H 3 0 or Cg Hg Oj). Spec. grav. 0*81440. Boiling 
point 56«*3. 

V =1 + 0-001348101 + 0*00000260901® + 0*00000001155921* (0® to 62®-2) 

Benzole (benzine; Cjq Hg). Spec. grav. 0*89911. Boiling point 
80°*4. 

V = l + 0-00117626t + 0-00000 12775512 + 0-00000000806481® (ll«-4 to 81»-4) 

Formic add (€3 Hg O 4 ). Spec. grav. 1*2227. Boding point 
105°*3. 

V = 1 + 0-000992691 + 0*000000625141® + 0-00000000596501® (5« 4 to lOS'i-S) 

VOL. I. E 
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Acetic acid (C^ H 4 O 4 ), Spec. grav. 1-08005. Boiling point 
1170-3.- 

V --1 + 0-0010.'>7031 + 0-00000018323+ 0-0000000090435(17<’-7 to 109"-6) 
Butyric add (Cg Hg O 4 ). Spec. grav. 0-98863. Boiling point 
157‘^0. 

V=1 +0-0010461 1 +0-0000005624412 + 0-00000000542011'* (12"-1 to 141»-9) 
Furmiate of oxide of methyl (C 4 H 4 O 4 ). Spec. grav. 0-99840. 
Boiling point 33^*4. 

V == 1 + 0-00140551 + 0-0000017131+ 0-000000045947 ((/’ to 30"-9) 

Formic ether (formiatc of oxide of ethyl; Cg Ilg O 4 ). Spec. grav. 

0-04471. Boiling point Sl/’-O. 

V=1 + 0-001364161 + 0-0000001353812 + 0 000000039248(0» to 63''-l) 
Acetate of oxide of methyl (Cg Hg O 4 ). Spec. grav. 0-95620. 
Boiling point 56‘’-3. 

V = 1 + 0-00127791 +0-000003917112 — 0-0000000036.391» (0" to 62«-3) 
Acetic ether (acetate of oxide of ethyl; Cgll 8 04 ). Spec. grav. 

0-91016. Boiling point 74‘’-3. 0 

V = 1 + 0-00127381 + 0-000002191412 + 0-00000001179713 (0» to 7 l^-S) 
Butyrate of oxide of methyl (C^ II^,, O 4 ). Spec. grav. 0'92098. 

Boiling point 95”-9. 

V = 1 + 0-001195651 + 0-000001810312 + 0-00000000982921 ^ (f,n-9 to 94''-6) 

Butyric ether (butyrate of oxide of etliyl; Cjg Hja O4). Spec, 
grav. 0-90413. Boiling point 114"-8. 

V= 1 + 0-001178171 +0-00000130931* + 0-000000009560 t-i (120-0 to 111"1) 
Vak^'innate of oxide of methyl (C^g O 4 ). Spec. grav. 
0-901535. Boiling point 116«-3. 

V-l+ 0-00112115 t+ 0-000001704412+ 0-0000000058627 to (5“-5 to 104«-1) 

The results obtained with these fonnulsc are contained in the 
annexed table A, which indicates the volume of the liquids at 5, 10. . . 
and generally at T® above 0, the volume at 0 ® = 1 . Table B gives 
the contraction for equal thermal distances from the boiling points, 
and the. volumes of the liquids at 5, 10 .... and generally D”, 
below their observed boiling points, their volumes being 1000 ^ at 
these boiling points, which are once more indicated in the headings. 

The expansion of several liquids has been examined also by 
Frankenheim(l); he availed himself of the same method (deter¬ 
mination of the changes of volume in thermometer-like instruments), 
differing, liowever, in the details of application. The substances 

(1) Pogg. Ann. LXXII, 422, with reference to a paper, ibid, 177. 
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investigated are not rigorously characterized as to their cheuiical f* 
composition. The following specific gravities refer to 0®; V is the ■®“^g ®‘ 
true volume for t® (according to experiments made between the 
temperatures indicated within brackets after each formula). 

Oil of turpentine, which, though repeatedly distilled over chloride of 
calcium, had probably absorbed ^mc water, and which disengaged a 
permanent gas, when subjected to ebullition. Spec. grav. 0‘8903. 

V =1+ 0-CC084741 +0 0000012481* (ll“to 145") • 

Lemon oil, first specimen, (the same remarks as in the last case). 

Spec. grav. 0*8380. 

V=1 + 0-00086601 +0-0000011611* (35" to 133") 

Lemon ml, second specimen, (the preceding one slightly changed 
by keeping). Spec. grav. 0’8661. 

V = 1 + 0-00079021 + 0-000002053(15« to 122") 

Petroleum (preparation and composition sioiilar to those of oil 

of turpentine). Spec. grav. 0-8467. 

V = 1 + 0-00089941 + 0-0000013961* (24" to 120") 

Acetic ether, of a spec. grav. 0-9051. 

V=l + 0-0010401 + 0-00000363(13« to 68") 

Acetic acid (most likely dilute), of a spec. grav. 1-0522. 

V-1 + 0-00049241 + 0-000005131-’ (13" to 101") 

Formic add (dilute), of the spec. grav. T1051. 

V=l + 0-00051261 + 0-0000027211^ (15" to 99") 

Solution of chloride of zinc, of the spec. grav. 1-3632. 

V = 1 + 0 0005435 t + 0-0000013201^ (15" to 103") 

Potassa solution, of the spec. grav. 1-2738. 

V= 1 + 0 00041501 + 0-000000577 (13« to 101") 

The volumes for different temperatures calculated by Franken- 
heim according to this formula, are synoptically arranged in the 
annexed table (also of a formic acid of 1'04405 spec, grav., for the 
expansion of which, however, no formula is given). 

Maximum Density of Water.— Joule and Flayfair(l) have deter¬ 
mined the temperature, at which water is at its maximum density; 
they availed themselves, in a peculiar manner, of the principle, already 
used before for the same purpose, that in water not uniformly heated 
throughout its mass, those layers, the temperature of which 
approaches that of the maximum density, descend, while the others 


(1) Phil. Mag. [3] XXX, 41; abstracted Pogg. Aim. LXXI, 574. 

• E 2 
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ascend to replace them. Their apparatus consisted of two upright 
vessels (4^ feet high, and 6 inches in diameter) conneeted with each 
other at the top by means of a trough, at the bottom by means of 
a tube, furnished with a stopcock, whilst the current in the trough 
could be stopped by a slide. The coiumunication of the two vessels 
being interrapted, they were filled, the one with water of about 2”-8, 
the other with water of about 5^*3; after immersing accurate ther¬ 
mometers into both vessels, the communication was reopened, (the 
temperature of the surrounding atmosphere during these experiments 
being from 3*3 to 5”). A current was thus established, passing 
through the bottom tube from the vessel with the denser water to 
the vessel containing the water of inferior density, and in the 
opposite direction through the trough at the top; this current was 
observed by means of a glass ball floating upon the water in the 
trough, the motion of which, as to direction and velocity, was carefully 
ascertained. Changes in density for equal thermal intervals, above 
and below the temperature of the maximum density, could be considered 
as equal within these narrow limits. The direction of the current in the 
top-trough was from the vessel, whose temperature difiered most from 
that of the maximum density, to the vessel whose temperature differed 
less from it; no current would have been perceptible, if the temperature 
of the water in both vessels had equally differed from that of the 
maximum density, or if the temperature sought had been found to 
be the arithmetical means of the original temperatures. The latter 
was deduced from the observations by intcr|)olation; the mean of 
the results of different sets of experiments, well according with each 
other, was found to be 3”*945. 

Expansion of mercury.— llegnault(l) has instituted numerous 
experiments respecting the absolute expansion of mercury. He 
determined it by measuring the difference of pressure, exerted by 
mercurial columns of equal height, but unequal temperatures. It is 
impossible to give a detailed account of his method without drawings. 
The volume of the mercury at being equal to 1, his determi¬ 
nation gives it for t° of the air thermometer: 

1 + 0-000179007t + 0-00000002523161*, 

And hence, at 50"=1-009013 at 150“=0 027419 at 2500=0 046329 
„ 1000=1-018153 „ 2000=0-036811 „ 3000=0-055973 

3500=0-065743 

« 

(1) Relation des experiences cntrepiises-pour determiner les principales lois 

physiques et les donnecs niim^riques qui entreut dans le calcul dcs machines a vapeur, 
Paris 1847, 271. 
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With the aid of Regnault's determination of the expansion of 
mercury, Izarii(l) has calculated tables for the reduction to (X’ of the 
barometric column. 

Speclflc Heat; Fusion; Latent Fusion-Heat. —A note, by Rud- 
berg(2), on the quantities of heat in mixtures of metals at their 
fusing point, has been published, which this physicist had commu¬ 
nicated to Poggendorff in 1839. 

quantities of Heat In metallic mixtures.— Rudberg considered it 
probable, that in an alloy of two metals, which would cool regularly, 
(that is, in which one portion of the metal would not solidify on 
cooling, before the remainder, which would be indicated by the 
thermometer becoming twice stationary), or in other words, in a 
chemical alloy, each of the two metals contains the same amount of 
heat between the fusing point of the alloy and its own fusing point. 
Assuming the specific heat of a metal to be constant, this view is 
expressed by the following formula: 

M' c' (r — T) =; M" c" (T" T). 

(M' and M" representing the weights of the metals, c' and c" their 
specific heats, T and T" their fusing points, and T the fusing point 
of the alloy). 

Taking Bulong^s law of the inverse proportion existing between 
specific heat and atomic weight as strictly correct, and the ratio 
M": M" of the weights of the two metals, as represented by the 
atomic ratio 1; n, the above formula becomes 

r~T = n (r — T). 


Several experiments are quoted by Rudberg in confirmation of 
his view, some of which indeed approximately corresl|)ond with it. 
(In calculating the formula for the bismuth-compounds, the new 
atomic weight of this metal, agreeing with Dulong’s law, has been 
adopted. 

The following fusing points were obtained by Rudberg: 


For Sn 2280*5 Pb=32fiO*0 
Sii 3 Pb = 182-5 1H2-5 


46 *0 143* 5 

3 . 46 -0 = 138- 0 


Sn=2280*5 Bi=2680*3 
Sn 3 Bi 2 = 136*4 136*4 


92 *1 131 *9 

3 . 92 *1 = 276 *3 
2 . 131 -9 = 263 *8 


Sn=2280*5 Cd=3200*0 
SnjCd = 173*8 173*8 


54 *7 146 *2 

2 . 54 '7 = 109 *4 


(1) Millun ct Reiset’s Anuuairc dc chimic, 1848, 498. 

(2) Pogg. Ann. LXXI, IflO; Ann. Ch. I’harni. LXIV, 183. 
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Bi=2680-3 Cd=3200-0 Bi« 2680-3 Pb=3260-O 
BiCd = 14C -3 146-3 Bi4 Pb3*=125 *3 125-3 


122-0 173-7 143-0 200-7 

4 . 143 -0 = 572 -0 

3 . 200 -7 = 602 -1 

The results; with the exception of those obtained with alloys of 
cadmium, are approximately concordant. Rudberg seems to have 
been of opinion, that the atomic weight of cadmium, generally 
adopted, not agreeing with Dulong^s law, a correction would 
produce corresponding results ; this, however, is not the case. 

Rudberg conjectured, that in ternary alloys, the sum of the 
quantities of heat in the more electro-positive metals equalled the 
quantity of heat in the more electro-negative metal. The fusing 
points of an alloy Zn Pbg Sug examined by Svanberg and of its 
constituents arc as follows : 

Za = 400«-0 Pb = 326«-0 Sii = 228“-5 

Zn Pb.. Sn„ = 168 -0 168 -0 168 -0 

•232 -0 158 -0 60 -5 

232-0 + 2 . 1.58-0 = 548-0 
9 . 60-5 = 544-5 

On specific Heat, Fiislnir Point, and latent Fusion-Heat. —Person 
has published researches on the specific heat of various bodies in the 
solid and fluid states, on their latent fusion-heat, and on the 
connection between these properties; his observations arc contained 
in short notes, and in more detailed communications, which have 
both to be discussed : the statements made therein not being always 
in accordance with each other. 

In his eai’lier publications(I), he communicated the following results 
of his investigations, T represents the fusing ]#oint, L the latent 
fusion heat of the unit of weight; in the third column the 
temperatures are given, between which the specific heat W was 
determined. 

(1) Coinpt. Rend. XXIII, 162; Instit. 1846, 247; Pogg. Ann. LXX, 300; Compt. 
Rend. XXIII, 336; Instit. 1846, 277; Pogg. Ann. LXX, 302; Ann. Ch. Pharra. LXIV, 
179. 
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Substance. 

m 

T 

L 




W 

Tin • . . . 

t f 

235''C 

14-3 

*3400 and 240" 

0-061 

tMsmnth 

• • 

270 

12.4 

370 

ft 

280 

0-035 

Lead .... 

• • 

332 

5-15 

440 


340 

0-0.39 

Alloy Pbo Sn^ Bi_, . 


96 

5-96 

300 


136 

0-036 

Ditto 



— 

1.36 

» 

107 

0-«47 

Ditto 


— 

— 

80 


14 

0-060 

Ditto 


— 

— 

50 


12 

0-049 

Alloy Pb Sug Bi 


145 

7-63 

330 


143 

0-046 

Phosphorus . 

. • 

44*2 

4-71 

100 

II 

50 

0-212 

Sulphur 


115 

9-175 

147 

II 

120 

0-235 

Nitrate of soda 


310-5 

62-98 

430 

II 

330 

0-413 

„ „ potassa . 


.339 

46-18 

435 


350 

0-344 

Phosphate of soda (P05,2Na0,2i'm0) 

36-4 

54-65 

79 


44 

0-758 

Ditto . 

* • 

— 

— 

2 


- 20 

0-154 

Chloride of calcium (Ca Cl + G ITO) 

28-5 

45-79 

127 


100 

0-519 

Ditto . 


— 

— 

100 


60 

0-628 

Ditto . 


— 

— 

60 


31 

0-358 

Ditto . 


— 

_ 

28 


4 

0-647 

Ditto . 

• 

— 

_ 

2 


- 20 

0-406 

Bees’-wax (yellow). 


620 

43-51 

102 


66 

0-54 

Ditto . 

• • 

— 

— 

58 


42 

0-72 

Ditto . 

• 



42 


26 

0-79 

Ditto . 

• • 



26 


6 

0-52 

Ditto . 

• • 

— 

— 

2 


- 20 

0-.39 

Ice. 

Zinc .... 

* ■ 

• • 

423 

27-46 

0 

II 

- 30 

0-505 


On specific 
heat, fus¬ 
ing point 
and latent 
fusion- 
heat. 


r<-r8on expresses the connection between the fusing point, the 
sjiecific heat of the body in the solid and liquid state, and the latent 
heat by the following formula: 


(160 + T) d = L 

T and L having the above meaning, and d representing the 
difference of the specific heat of the body in the solid and liquid state; 
he asserts, that in order to obtain the latent heat, the difference of 
the two specific heats has to be multiplied by tlie number of degrees 
between — 160® and the fusing point. From the data given in the 
foregoing table, and with the aid of the specific heats, as determined 
by Rcgnault, he calculates the following numbers as representing 
the latent heat of various substances, with which calculated values he 
compares the results obtained by obseiYation. 


Substance. 

Calcu' 

lated. 

Obscr\'cd 

Substance. 

Calcu¬ 

lated. 

1 

jobserved. 

Water 

79-20 

79-25 

Sulphur. 

9-08 ! 

9-18 

Chloride of calcium. 

43 60 

45-79 

Nitrate of soda 

63-52 

62-98 

Phosphate of soda . ; 
Phosphorus . . ' 

59-70 

4*76 

51-65 

4-71 

„ ,, potassa . 

52-39 

46-18 

i 
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With several other bodies^ the calc\^ted and observed numbers 
do not accord so well in favour of the formula. Person endeavours 
to account for these ^^screpancies.—He found the specific heat of 
wax in the solid state, when nearly approaching its fusing point, to 
be greater than in the liquid state, so that, taking the numbers thus 
obtained as a basis, the formula would lead to an absurdity, L 
becoming negative. At a greater distance however from the fusing 
point, he found the specific heat of wax to be much smaller (0-39); 
he therefore considers, that whatever is found above 0’39 should be 
considered as latent heat, (heat becoming latent before fusion, heat 
consumed in softening), and consequently be deducted from the 
specific heat as found between 2*^ and 60*^; the formula would then 
become applicable. Again the formula docs not apply to metals, 
their specific heats in the solid and liquid state being nearly equal, 
and, consequently, d becoming = 0. Person, before attempting 
an explanation of this circumstance, considers his formula from a 
diifcrent point of view. If the specific heats of the body, in the 
solid and liquid state, be represented by c and C, (160+T) c 
represents the amount of heat contained in the weight unit of 
the solid body between—160® and T®; by adding the latent heat 
L, the amount of heat contained in the same quantity of the 
body in the liquid state, within the same limits, is found to be 
(160 + T) c + L. The above formula (160 + T) d = L, by 
introducing C — c instead of d, may also be written thus ; 

(160 + T) c + L = (160 + T) C, 

i. e. the amount of heat which must be removed from a fluid mass, 
in order to cool it down to — 160®, can be calculated, without 
considering that its state of aggregation alters, jui^fc as though the 
mass remained fluid. 

He quotes the fact, that several bodies are capable of*remaining 
liquid even below their fusing points, and is of opinion that the fluid 
state of a body may be reconciled with the lowest temperatures, and 
that solidification is merely accidental.—lie then proposes, in the 
formula already cited, which appears to be inapplicable to nvetals, 
to represent the specific heat of the body in the liquid state by the 
number found below the fusing point, instead of that observed above it. 
Though these numbers were concordant in many cases, especially in the 
case of bodies easily retaining their liquidity below the fusing point, 
this was not the case with metals. The incorrectness of the formula 
was, therefore, by uo means proved by its inapplicability to metals, 
inasmuch as the true v alues of the specific heat in the liquid state did 
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hot admit of being introduced. The specific heat of metals below 
the fusing point might be greater in the liquid than in the solid state. 
(Here it must be observed, that it should likewise be greater than 
the specific heat of metals, in the liquid state, above the fusing point, 
which is improbable. Again, in treating even of sevtral non- 
metallic substances, the experimental number introduced into the 
formula for C, had been obtained for temperatures above the fusing 
point, while nothing proves this number to agree with the specific 
heat of the substance in the liquid state below the fusing point). 

Person draws some farther conelusions from his experiments and 
formula.—The heat required for the fusion of metals was propor¬ 
tionate to the force necessary to separate their particles, as might be 
seen by comparing the fusion-heats with the cocfiicients of elasticity, 
or with the measures of cohesion. 

The absolute zero was at — 160®.—Latent heat was the difference 
of heats contained in the solid and liquid body at the temperatures T 
of solidification, llcpresenting the distance of the usual (arbitrary) 
zero, from the absolute zero by xf, the former was = (x -f T) c, the 
latter = (x + T) C, the latent heat = (x + T) (C—c). Experience 
showed X to be = ICO. The latent fusion-heat was probably a 
variable magnitude, changing with the temperatures at which the 
bodies pass from the one state of aggregation to the other, and dimi¬ 
nishing with the decrease of these temperatures. 

With the assistance of this latter view. Person has endeavoured to 
solve a problem concerning the fusion of alloys(l). He found the 
latent fusion-heat of an alloy of 8 parts of bismuth, 5 of lead, and 
3 of tin, (corresponding to Big Pbj Soj), solidifying at 96®, to be = 6; 
by calculating, however, from the latent heats of the constituents, 
as given in the foregoing table, we arrive at the number 10*4. 
Person accounts for this difference by the circumstance of the latent 
heats of the constituents having been introduced into calculation as 
found for higher temperatures, (the fusing points of the individual 
metals,) whereas they should have been taken at 96®, at which tem¬ 
perature the metals liquify in the alloy, and have an inferior 
latent heat. Direct observation being impossible in this case, the 
latter is calculated in the following manner. In the formula 
(ICO -f t) d = L, originally (page 55) constructed only for a case 
in which t represented the fusing point in the common accepta¬ 
tion of the term—^lic assumes t to represent generally a temperature 


(1) Coinpt. Rciul. XXIIJ, 626; Instit. 1816, .123 ; Fogg. 'Aim.’LXX, 388; Ann. Ch. 
Phariu. LXIV, 181. 
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at which the substance may be solid or liquid, (or the latter may be 
imagined). For t = the fusing point, t and L being known, d, the 
difference of the specific heats in the solid and liquid state below the 
fusing point may now be calculated for each metal. Assuming d to 
be kno'i^, (and to be constant for every metal,) he now finds, for 
every other temperature, the amount of latent heat L belonging to it. 
Thus he obtains for 96”, with tin L = 9‘3, with bismuth L = 7'382 
and with lead L = 2*7, numbers certainly differing considerably 
from those obtained for higher temperatures, (the ordinary fusing 
points,) from which, however, the latent heat of the above mixture is 
found to be 6’3, very nearly coinciding with direct observation.— 
The latent heat of the alloy Fb Sng 11 i (fusing at 115”) when calculated 
upon exactly the same principle, was found to amount to 7'85, direct 
experiment giving 7’63. 

According to Person, the latent fusion-heat of mercury is 2‘82(1), 
the fusing point of cadmium 320”'7, (air thermometer) and its latent 
fusion-heat 13’58; that of silver was found, (with less certainty) to 
be 21-07(2). 

In a later publication on latent fusion-heat(3). Person endeavours to 
give further arguments in favour of the formula quoted, and of the de¬ 
ductions drawn from it. In this paper, he communicates the investiga¬ 
tion of fewer substances than those specified in his former publications; 
entering, however, into a more accurate description of all the details 
of experiment. lie first describes the calorimeter, employed in 
the determination of the latent and specific heat, (he operated by 
the method of mixture,) and discusses the corrections which the 
direct experimental numbers require; he then communicates the 
results obtained with five different substances. 

He ascertained the specific heat of ice by deterrainiqg the decrease in 
temperature, which ice, cooled down to about —^20'^, produced without 
melting, in a liquid. He found 0*5070, as the average of several very 
concordant experiments, in some of which oil of turpentine, (specific 
heat at about 0”=0’4I6”,) in others a solution of sea salt, (100 parts 
of water containing 0*75 parts of chloride of sodium, specific heat 
0*95,) was employed. He ascertained the same value by measuring 
the decrease of temperature produced in water by icc when allowed 


(1) Cotnpt. Rend. XXV, 334; Pogg. Ann. LXXlll, 469; Ann. Cli. Pliys. [3] XXIV, 
257; Ann. Ch. Pham. LXVIII, 180. 

(2) Cornpt. Rend. XXVIl, 258; Arch. Ph. Nat. IX, 135; Pogg. Ann. LXXV, 460; 
detailed in Ann. Ch. Phys. [3] XXIV, 265. 

(3) Arm. Ch. Phys. [3] XXI, 295; Pogg. Ann. LXXIV, 109 ami 309. 
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to melt, (correction of course being made in the calculation for the 
latent fusion-heat of ice, which was assumed to be known). The p?‘"* 
average of several experiments gave the number 0*5057 as the specific 
heat of ice; the mean of the numbers obtained by the two methods(l) 
being therefore 0*504. By substituting this number for c in the 
formula (x + T). (C—c) = L (sec page 57), Person calculates 
the value of x; the other magnitudes in the case of water being 
known, namely, T = 0, C = 1, L = 79*25.—Tlie latent fusion-heat 
was vmiable. The weight-unit of water at O*', on freezing, liberated 
79*15 units of heat. Pive heat-units (the specific heat of ice being 
0*5) wore required to raise the temperature of the weight-unit of 
ice from — 10“ to 0®, and 79*2 heat-units to melt it. The 
weight-unit of ice at—10®, when melting into water of 0®, absorbed, 
therefore, altogether 84*2 heat-units, and, vice vcrsfi, the same amount 
of heat had to be abstracted in the reconversion of water at that tem¬ 
perature into ice of — 10®. Supposing water of 0® to be cooled 
down to — lO" without solidifying, it lost 10 units of heat, and 
when now suddenly converted into ice, it could lose no more than 
84*2 — 10 — 74*2 units of heat; this was, therefore, the latent 
heat of liquid water at — 10”, a value considerably difFcring from 
that at 0®. The variation of tlie latent heat, with the temperature T, 
for which a change in the state of aggregation is assumed, is expressed 
by the formula that has been repeatedly quoted. The specific heat of 
water, liquid below 0®, was just now assumed to be = 1. Person 
lias convinced himself that the cooling of water, passing without 
solidification, from a temperature above 0” to a temperature below 0”, 
takes place regularly, and without the sudden change in the relation 
between time and intensity of cooling, that would be occasioned by a 
change in the specific heat. 

According to Person, the specific heat of solid phosphorus between 
70 and — 21” is 0*1788 (Rcgnault states it to be 0*1887 between 
10® and 30”), the fusing point is = 44*2”, its specific heat in the 
fluid state is = 0*2045, its latent fusion-heat = 5*0. He estimates 
the latter at 5*2, by a calculation based on later determination* 

The fusing point of sulphur, not over-fused by too much heating, 
was found to be 115®, the specilic heat of liquid sulphur, between 


(1) A tliird method of ascertaining the specific heat of ice from the weight of ice 
deposited upon a known amount previously cooled below 0", when introduced into water 
at O'*, has been tried by CK'ment and Di^sormes j Person found this method inap¬ 
plicable, as the quantity of icc, far from being definite, augments with the time during 
which the cooled icc is left immersed. 
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onspedfic 1200 and 150®, = 0-234; the latent fusion-heat = 9*37. His formula 

heat, fu8- ^ ^ ^ • 

and iStent lattcp 9'35, (thc specific heat of sulphur being taken 

fusion. as 0-2). 

lieat ^ 

He found thc fusing point of nitrate of soda to be 310®-5; its 
specific heat in the fluid state, between 430® and 320®, = 0-413; 
the latent fusion-heat = G2-975. According to his formula, it is 
63*4, the specific heat of solid nitrate of soda having been taken at 
0-27821, according to Bcgnault^s determination. 

For nitrate of potassa, he found the fusing point to be 339®; its 
specific heat in the fluid state, between 350® and 435®, = 0-33186; 
its latent fusion-heat = 47-371; calculated by his formula the latter 
is 46-462 (the specific heat of solid nitrate of potassa being taken at 
0-23875 according to Regnault). 

Person now discusses some farther inferences from his formula, 
which we have already pointed out, and promises to dcvelope more 
fully, in another communication, his assertion that bodies cease to 
contain heat at a temperature of 160® below zero. 

In this mcmoir(l) he first quotes the fact, that thc relation of 
the quantities of heat, contained in different bodies at thc same tem¬ 
perature, is given approximately by the ratio of their specific heats; 
this would indeed be accurately thus expressed, if thc relation of thc 
specific heats among themselves was constant. If, in addition to thc 
ratio existing between thc total amounts of heat in two bodies, thc 
difference ■ of these quantities be likewise known, the former values 
may be calculated. In representing by x and x^ thc absolute quan¬ 
tities of heat contained in the weight-units of ice and water at 0®, 


their ratio is 



0-504 

1 


(0-504 being thc specific heat of ice) and their 


difference x' — x = 79*2 (the latent fusion-heat of ^atcr); from this 


we find X to be = 80 and x' = 160, i. e. the quantity of heat existing 
in each of these bodies is = 160 times thc specific heat, or, their total 


amount of heat is expelled by lowering their temperature to — 160®. 
Hence —; 160° must be the absolute point of zero. 

Pert on then proceeds to communicate the details of his experi¬ 
ments with metals. His results differ somewhat from his former 


statements, (see page 54); they arc as follows, (thc numbers of 
Regnault being taken for the specific heats in thc solid and fluid 
states, and the last column denoting the limits of temperatures 
between which the specific heat of the substances in thc liquid state 
holds good). 


(1) Ann. Ch. Phys. [3] XXIV, 129. 
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Metal. 

Fusing point by the 
mercury- | air- 
thermometer. 

SiKcific heat in the 
solid 1 liquid 
■ state. 

Latent 

fusion- 

heat. 


Tin . . . 

235'»0 

232»-7 

0’0562 

0-0G37 

14-252 

250° and 350° 

Bismuth . . 

270 -5 

2GG -8 

0-0308 

0-0363 

12-640 

280 

„ 380 

Lead . . . 

334 -0 

326 *2 

00314 

0-0402 

5-369 

350 

„ 450 

^IIIC * • • 1 

433 -3 

415 -3 

0-0956 

— 

28-130 




Onspeclfie 
hent. Ail¬ 
ing point 
and latent 
Allion- 
heat. 


The specific heat of metals in the liquid state is certainly greater 
than that of metals when solid, in no greater ratio, however, 
than that which Dulong found for the increase in the specific heat 
of metals remaining solid at high temperatures, so that no incre¬ 
ment of the specific heat can be ascribed to the transit from the 
solid to the fluid state. Person treats this point in accordance with 
the views previously communicated by him, (page 56) and adds, that 
in the case of metals, the absence of any such increase in the specific 
heat, so perceptible in the liquefaction of water, sulphur, and salts, 
was probably due to their liquidity being imperfect compared with 
that exhibited by the former bodies. 

lie then discusses the determination of latent fusion-heat, and of 
the specific heat at higher temperatures, by means of the method of 
cooling, to which he sometimes resorted, most of his determinations 
being conducted according to the method of mixture. 

Then follows the exact statement of his experiments on the 
specific heat of liquid alloys. In the following tabic, the final results 
(C) obtained for about 320® are given. Person calls attention to the 
following,—if the specific heat of an alloy be calculated from the spe¬ 
cific heats of the constituents in the solid and liquid state, the results 
obtained in the former case being k, and in the latter K, then 
k 4- K . 

—— is found nearly equal to C. The calculation of k refers to a 

temperature as far below 320®, as that for which K has been deter¬ 
mined is above this point; from this the conclusion might be drawn, 
that the specific heats of liquid alloys, and of the individual metals 
contained therein (considering them as a mixture—as distinguished 
from the real alloys) were equal at the same temperatures. 


Alloy. 

k. 

■ f 

K. 

I (k + K). 

C. 

* * 

0-03560 

0-04256 

0-03908 

003895 

Bi^ Pb Sng . . 

0-03785 

0-04447 

0-04116 

0-04219 

1^1)2 * • • 

0-03106 

0-03784 

0-03444 

0-03503 


0-04150 

0-04792 

0-04447* 

0-04540 


According to Person the mixing of fused metals is attended by 
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an increase of temperature; on introducing into melted lead a glass 
and latent which Contained bismuth in the fluid state, he found that if a 
fusion- rapid mixture of the metals was effected by breaking the tube, the 
temperature rose 30'^ Person docs not believe this elimination of 
heat to be a chemical effect; he is of opinion, that less heat is 
contained in an alloy in the liquid state, than in the separate con¬ 
stituents when liquid at the same temperature. According to 
Personas determination, the accession of 15‘748 miits of heat is 
necessary to raise the temperature of the unit of weight of Pbg Ilia 
from 20® to 330®, whereas to produce the same effect with a corres¬ 
ponding quantity of the constituents in a separate state, 19*570 
would be required. The difference of heat was liberated in the tran¬ 
sition of the metals into the alloy. With other alloys, (as those of 
bismuth with lead and tin, particularly bismuth with tin,) the above 
difference is found to be less, and observation exhibited an increase of 
temperature correspondingly inferior. Person concludes further, 
that the latent fusion-heat of alloyed metals is smaller than that 
of the metals in the separate state. 

He demonstrates, moreover, that a decomposition takes place 
after the solidification of such alloys as have no point of 
separation, (as 'first observed by Rudberg), or in other w*ords, in 
which none of the constituents become solid before another, 
one definite point of solidification being exhibitcd(l). The alloy 
Bi 3 Pbj Suj, once solidified, will qilietly cool down to 57®, when 
the thermometer becomes stationary, or even rises, while the alloy 
expands, bursting the vessel in which it is contained, if made of glass 
or thin metal. An alloy, when poured into water, exhibits this deve¬ 
lopment of heat at a lower temperatm’e, it may then however amount 
to about 30® or more. The alloy solidified after fttsion contains, a 
few degrees below the point of solidification (before the evolution of 
heat), a larger amount of caloric than when heated again to the 
same temperature after having been allowed to cool down perfectly 
(after the evolution of heat); in the same manner experiment gives a 
higher specific, heat in the former than in the latter case. Of the 
experiments enumerated in the following table, the first was made 
with the alloy Bia Pbg Snj, under the former circumstance, during the 
others the same alloy was in the latter condition. (Fusing point of 
the alloy 96®). These experiments show, however, that on warming 
the alloy a certain amount of heat becomes latent even below the 


(1) Preliminary notice on this subject, Conipt. Rend. XXV, dl4; Pogg. Ann. 
LXXIII, 472. 
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fusing point, very likely in consequence of the combination of the 
products of separation, which are eliminated during cooling at lower 
temperatures. T expresses the fusing point, c the specific heat, **{j*'”"* 
A the thcrniometric interval in which it was determined, k the 
specific heat, as calculated from that of the constituents;. c and k 
coincide for considerable distances from the fusing point. 


Alloy. 

A 

C 

Alloy. 

T 

A 

c 

k 

BiaPb. Sa, . 

950 and 25" 

0-1054 

Bi., Pb, . . 

122*'-4 

99" and 17" 

00317 

0-0311 

95 „ 23 

00710 

If 

II 

99 „ 16 

0-0316 

II 


94 „ 22 

0-0690 

Bi., 804 . . 

1.35-3 

99 „ 17 

0-0450 

0-0415 


82 „ 14 

0-0598 

BiPbSn., . 

115 ? 

53 „ 17 

0-0429 

0-0401 

II 

51 „ 19 

51 „ 12 

0-0371 

0-0377 

11 

II 

51 „ 19 

0-0417 

II 


Person has farther endeavoured to find the latent fusion-heat of 
some alloys, as well as the amount of heat liberated during decom¬ 
position after solidification. lie finds : 

For Hi.,, Pb., Soj the former -= t’50, the latter = .I'lS 
„ Wu, Pb‘ Sn'a „ = 4-69, „ - .2-80 

He concludes this memoir, by commenting on the view taken by 
Rudberg (see page 53) of the connection existing between the fusing 
points of alloys and those of their components. He docs not make 
allowance for the circumstance, that in Rudberg's time, the atomic 
weight almost universally adopted for bismuth, was different from 
the present one, and that, consequently, the composition of the 
bismuth alloys, expressed in Rudberg's formula; differ from that 
which he assigns to them. The remark that Rudberg had overlooked 
certain properties of some alloys is hence unfounded. Person's 
observations contain, however, several confirmations of Rudberg's 
view. Determinations made by the former gave the following fusing 
points : 


Of ni=266«-8 Sn=232'>*7 j 
83811 ^ = 135 -3 135 -3 


131 -5 97 -4 

3 . 131 *5 = 394 -5 

4 . 97 -4 = 389 -6 


Sii=232‘>-7Pb = 326"-2 
Sn3Pb = 182 -8 182-8 


49 -9 143 -4 

3 .49 -9 => 149 *7 


Bi=266»-8 Pb = 3260-2 
Bi3Pb3=122-4 122-4 


144 -4 203 -8 

3 . 144 -4 - 433 2 
2 . 20» -8 = 407 -6 


Person's results, which appear as the second^ terms in this con¬ 
spectus, exhibit even in details a close coincidence with Rudberg's 
statements respecting the same substances. 
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po\^!it'spe Fusing point, specific Heat, and latent Heat, of Phosphorus.— 

«ifd Intent I^e8ains(l) found the fusing point of phosphorus to be 44”-2; by 
heat, of observing the time necessary for the cooling of solid and fused 
pCra’a. phosphorus (remaining liquid below the fusing point), he considers 
the specific heat of this body to be the same in both states, (in 
contradiction to Person see page 59), and finds it, by the 
method of cooling, to be 0*3. lie determined the latent fusion-heat, 
by ascertaining the increase of temperature exhibited in the solidifi¬ 
cation of liquid phosphorus, cooled down below the fusing point; he 
thus found it to be 5*4, and by the method of mLvture it was found 
= 5*06. 

Specific Heat of Compounds. —Woe8tyn(2), (unacquainted with 
the earlier researches of Schroder)(3), has studied the connection 
between the specific heat of compounds, and that of their consti¬ 
tuents. Assuming A to represent the atomic weight, and C the 
specific heat of a compound, aj, ag, 83 . . . . the atomic wcight(4), 
Cj, C 3 , C 3 . . . . the specific heat of the constituents of the compound, 
and n„ Ug, ng . .. . figures denoting the number of atoms of each 
element contained in an atom of the compound, he proposes the 
following law, 

AC = nj aj Cj -|- ng ag Cg -f Ug ag C 3 - 

To establish his formula, he compares the values of A C, calculated 
, for several compounds and alloys, with those empirically found, 
(the results obtained by Rcgnault being taken as the basis). It 
follows from this law that if the formulas and the values for A C of 
several compounds be deducted from each other, whenever the 
differences of the formulip are equal, the corresponding values of A C 
will likewise be equal. Finally, with the aid of ^his law as a basis, 
the product of the specific heat with the atomic weight for one of the 
components of any compound, may be found, if the corresponding 
product be known for the compound itself and the other compo¬ 
nents. The calculations communicated by Woestyn for the elabo¬ 
ration of the law and his conclusions, gave results corresponding 
very satisfactorily both with observation, and among themselves. 


(1) Compt. Rend. XXIII, 149; Instit. 1846, 247; Arch. Ph. Nat. II, 409 ; Ann. Ch. 
Phys. [3] XXII, 432 ; Pogg. Ann. LXX, 315. 

(2) Ann. Clfc Phys. [3] XXIII, 295; Pogg. Ann. LXXVI, 129; abstract Ann. Ch. 
Pharm. LXVIII, 175. 

(3) Pogg. Ann. LII, 269. 

(4) Woestyn assumes the atomic weight of several elements (Sb, Hi, Ag, K, Na, Cl, 
T, N) to be equal to half their equivdents, an assumption also made by Begnault 

in his researehes on spccifie heat. 
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Npccitlc Heat of Water at different Temperatures. —Eegnaiilt(l) 
has determined veiy accurately the specific heat of water at various 
temperatures. IIis results show, that the quantity of heat, Q, which 
is lost hy 1 weight-unit of water when cooled from T® to 0‘’, 
cApressed in units of heat, is 

Q = T + 0-00002 4- 0-0000003 T« 

and the specific hcsit C of water at T” 

C = 1 + 0-00004 T + 0-0000009 T"- 
according to which formula; the following numbers were obtained : 


T. 

Q. 

B 

B 

Q. 

C 

B 

Q. 

C. 

0" 

rio 

0000 

50087 

1 0000 

1 0042 

100" 

150 

100-500 
151-162 

1-0130 

1-0262 

200" 
230 1 

203-200 

234-708 

i-otio' 

1-0568 


atpeeiffc Heat of diifcreut Fiuids.—H. Kopp(2) has determined the 
specific heat of the following liquids. (The third column indicates 
the thormometi-ic interval in which the determinations were made). 


jMoifuiy. . . . 

00332 

41" to 24 

Formic ether . . . 

0-513 

39" 

to 20" 

Pyrox) Kc spirit . 

0-645 

43 

„ 23 

Acctiitc of methyl . 

0-507 

41 

n 21 

Alcohol .... 

0-G15 

43 

„ 23 

Acetic ctlier . . . 

0-196 

45 

„ 21 

I'nsol-oil.... 

0-.'i04 

14 

„ -26 

Tlntyratc of methyl . 

0-487 

45 

„ 21 

I‘\)i mi(; acid . . 

0-536 

45 

» 21 

Valerianate of methyl 

0-491 

45 

„ 21 

Acclic acid . . . 

0.509 

45 

„ 24 

Acetone .... 

0-530 

41 

„ 20 

nutyric acid . . 

0-503 

45 

„ 21 

Benzole. 

0-450 

40 

„ 19 

Sulphuric acid . . 

0-313 

16 

„ 21 

Oil of mustai’d . . 

0-432 

48 

.. 23 


Andrews(3) determined the ’specific heat of bromine between 
45^ and 11*', to be 0-107. 

Sipcciiic Heat of Oases.— Favre and Silbcrmann(4) have de¬ 
scribed an apparatus for determining the specific heat of gases under 
different pressures. They will communicate hereafter the results 
obtained. 

iioillner. Liatcnt Vapour-heat of Water. —llcgnault(5) has made 
extensive experiments on the latent heat of steam, and particularly on 
its quantity in saturated steam generated under different pressures. 


(1) Relation, &c. (see p. 52), 729. 

(2) Pogg. Anil. LXXV, 98; Ann. Cli. Pham. LXVIII, 177 (in abstract). 

(3) Chem. Soc. Quart. J. I, 18 ; Pogg. Ann. LXXV, 335. 

(4) Coinpt. Rend. XXVII, 56. 

(5) Relation &c. (see p. 92), 635 and 748. 
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Two different views had been previously proposed respecting this 
subject. Watt maintained, that the quantity of heat necessary for 
the conversion of a weight-unit of water at 0*^ into vapour, Avas 
subject to no change, whatever the pressure under which it was 
generated, i. e. that the sum of the latent heat and the heat indicated 
by the thermometer, in saturated steam, was constant. Southern, 
on the contrary, asserted that this sum varied according to the 
temperature, inasmuch as it was expressed by the heat of steam 
indicated by the theraiomcter (its temperature) and its latent heat, 
the latter being constant. Thus, according to Watt, the total 
amount of heat contained at any temperature in sattirated steam is 
constant, according to Southern only the latent heat is so. 

Ilegnault found, that experiment confirmed neither the one nor 
the other of these views. His results showed, that the weight-unit 
of saturated steam of T®, contained a quantity of heat exceeding that 
of the weight-unit of water of by X = 6()6-5 + 0'305 T, 
expressed in heat-units. Hy deducting from X tlie difference of the 
amounts of heat contained in the Avciglit-unit of water at and at 
0® (values more accurately knowm since Regnault^s researches on 
the specific heat of water at different temperatures), we obtain L, the 
latent vapour-heat of w^atcr at T^, The following are, according to 
Regnault^s determinations, the values of X and L for saturated 
steam of the temperature T, and the correspondint elasticity, E, 
expressed in millimetres and atmospheres: 


T, 

E. 

X. 

L. 

T. 

E. 


1 

X 

Ti. 


mm. 

4-60 

atm. 

O-OOfi 

606-5 

606-5 

1500 

mm. 

3581-23 

atm. 

4-712 

652-2 

500-7 

50 

91-98 

0-121 

621-7 

571-6 

200 

11688-96 

15-3W) 

667-5 

461-3 

100 

760-00 

1-000 

637-0 

536-5 

230 

20926-40 

27-535 

676-6 

441-9 


Considerations, particularly from the theoretical and mathe¬ 
matical point of view, respecting latent vapour-heat have been 
communicated by Pouillet(l), who endeavours to establish a 
connection between his views and the experiments of former 
inquirers. An abstract of this memoir cannot well be given, the 
same applies to a note on the heat of vapours by Lubbock(2). 
We limit ourselves to pointing out, that Pouillct also arrives at 
the result, that the higher the temperature of saturated 

(1) Compt. Rend. XXIV, 915; Pogg. Ann. Ergiinzungs, Dd. II, 579. 

(2) PhU. Mag. [3] XXXI, 90. 
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steam, the larger the total amount of heat, and the smaller 
that of latent heat; that, with carbonic acid vapour, on the con¬ 
trary, the total amount of heat diminishes with increasing tempera¬ 
tures, and that the same deportment is exhibited by the vapour 
of condensed protoxide of nitrogen. He found the latent heat of 
steam at 0® to be = 560° (differing considerably from Regnault's 
more accurate detenninations). 

Liatent Tapour-Hcat of different Bodies. —Andrcws(l) has ex¬ 
amined various liquids as to latent vapour-heat, and several other pro¬ 
perties. The fluid under examination was heated to ebullition in a small 
flask, the neck of which was connected with a receiver having a vertical 
serpentine tube, both of glass, and immersed in water. The increase 
of temperature of the latter having been observed, the quantity of 
vapour which had given rise to this increase was determined by 
weighing the receiver before and after the experiment. A screen 
protected the vessel of water from being heated by radiation from 
the flask; the necessary corrections for the loss of heat sustained by 
the water during the experiment were also attended to.—^Andrews 
observed the boiling points whilst the thermometers were in the 
vapour.—^The specific heat was determined, by rapidly pouring the 
heated liquid, into a small glass tube immersed in water, noting its 
increase of temperature, ascertaining the weight of the fluid poured 
into the tube, &c. He obtained the following results; 


Substance. 

Latent heat. 

Boiling point. 

Specific 

licat. 

A 

n 

Water .... 

.■iSS-D . 

318-3 

100° at 760«“«n 

1-000 

Alcohol .... 

202-4 

324-2 

77 -9 „ 760 

0-617 

Itromiue .... 

45-G 

269-6 

58 „ 760 

0-107 

Tcrchlor. of phosph. (PCI 3 ) . 

51-4 

244-4 

78 -5 „ 767 

— 

Chloride of zinc . 

30-5 

253-5 

112 -5 „ 752 

— 

Bisulphide of carbon . 

86-7 

254-9 

46 -2 „ 769 

— 

Ether .... 

90-5 

268-2 

34 -9 „ 752 

0-517 

Iodide of ethyl . 

46-9 

254-7 

71 -3 „ 760 

— 

Oxalic ether 

72-7 

291-4 

184 -4 „ 779 

0-457 

Acetic ether 

92-7 

287-9 

74 -6 „ 762 

0-474 

Formic ether 

105-3 

290-3 

54 -3 „ 762 

0-485 

Pyroxylic spirit . 

263-7 

303-5 

65 -8 „ 767 

0613 

Iodide of methyl (C 4 II 5 1) . 

46-1 

252-8 

42 -2 „ 752 

— 

Acetate of oxide of methyl . 

110-2 

303-6 

55 „ 762 

— 

Fomjiate of oxide of methyl. 

117-1 

282-8 

32 -9 „ 752 

1 — 


F 2 


Boiling 

Latent va 
pour-beat 
of water. 


(1) Chem. Soc. Qu. J. 1, 27. 
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bodies. 


A shows the latent heat of the weight-unit, B of equal volumes of 
the vapour (1 litre) at the boiling point. 

liatent Vapour-Heat. —Person(l), on the assumption that the ab¬ 
solute zero was at —160“ has constructed a formula analogous to 
that for latent fusion-heat (page 55), for the relation existing between 
latent vapour-heat, boiling point, and specific heat of bodies in 
the state of fluids and of vapours. He considers the latent vapour- 
heat to he the difierence between the total amount of heat in a 
liquid, and that in the vapour at the boiling temperature. If 
the latter be termed T, the average difference of the specific 
heat of the liquid and vapour d, the latent vapour-heat was 
= (ICO + T) d. He has calculated d for several substances, of 
which the boiling point T, the specific heat in the liquid state, and 
the latent vapour-heat arc known. In this case, however, the values 
of L and d do not refer to weight-units, but to atomic weights, (the 
formula adopted corresponding to 2 volumes of vapour, 0 being 
= 1, 11 = 0*125, C = 0*75, &c.) j the column Tot. Am. gives the 
total amount of heat contained at the boiling point in one atom of 
the vapour, [that is, (160 + T) A. c 4- L, A representing the atomic 
weight, and c the specific heat in the liquid state]. 


Substance. 


L 

Tot. 

Am. 

d 

Substance. 

1 

T 

1 

1 

L 

1 

1 

Tot. 

Am. 

d 

Etlier. 

3.'>"-7 

126 

898 

217 

Oil of turji. 

156"-8 

653 

1764 

206 

Risiilpliide of carbon 

46 -6 

502 

719 

2-42 

Sulphur . 

316 0 

724 

1392 

1-52 

Pyroxylic spirit 

66 -5 

582 

866 

2-56 

Sulph. acid 

326 -0 

718 

1791 

1-53 

Alcohol . . 

78 -8 

.597 

1024 

2-50 

Mercury 

350 -0 

775 

988 

1-52 

Water . j 

100 *0 

|602 

892 

2-31 


j 





lie finds, that d varied but little and uniformly, and that the 
total amount of heat in several vapours, differing widely in their 
•composition and temperature, was nearly the same. 

Person had already asserted in 1843, that the latent vapour- 
heat was the same for substances of the same boiling points, and 
that, with other bodies, it varied with the boiling point. In sup¬ 
port of this assertion, he subsequently brought forward(2) a scries 
of substances of which the boiling points had been communicated 
to him by Favre and Silbermann. The formula) and atomic 
weights have reference to the assumptions before-mentioned. 


(1) Compt. Rend. XXIII, 337 ; Insitit. 1846, 277; Pogg. Ann. LXX, 302, 

(2) Compt. Rend. 524 ; Instit. 1846, 302; Pogg. Ann. L^lX, 386; Ann. Ch. Pharm. 
I. IV, 185. 
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Substance, 

Composition. 

Boiling point. 

Laten 

For the 

atomic 

weight. 

t heat. 

For the unit 
of weight. 

Ether . . . 


C 4 H, 0 

3.'i»a 

421-3 

91-1 

Pyroxylic spirit . 

, 

C II, 0 

GO 5 

527-7 

263-8 

Acetic ether 


C 4 H4 0 

74 -0 

.582-0 

105-8 

Alcohol 


C, 11 , 0 

78 -4 

598-8 

208-3 

Butyrate of oxide of methyl . 

c; 11 ; O 2 

93 -0? 

55G-5 

87-3 

Water . 

• 

HO 

100 

G03-0 

i 536-0 

Formic acid. 

• • 

C, H., O 4 

100 0 

691-0 

120-7 

Oxide of amyl 

• 

C,o n.i 0 

113 0 

G850 

69-4 

Arctic acid . 

• • 

C., Ho O 2 

120 0 

.382 0 

101-9 

l''uscl-oi] 


c:* iifi 0 

132 -0 

j G06-8 

121-1 

Oil of turpentine . 



ir>G 0 

1 581-0 

C8-7 

Tcrcheue 


^iO tlifi 

15G 0 

i 571-0 

67-2 

Oil of lemons 


C^o II,r, 

1G5 ■() 

595-0 

; 70 0 

Butyric acid 


C, H, Oo 

1G4 0 

6.32-0 

114-9 

V^alcrianic acid 


Cj 11 , 0 , 

175 0 

660-0 

1 103-5 

llydrocarhon 


C ,2 H,, 

198 -0 

629-0 

59-9 

Hydrocarbon 


c,, II., 

253 0 

783-0 

: 59-7 

Filial-alcohol 


0 

3110 •() ? 

HHl -0 

58-4 


Patent va 
pour-heat. 


As a general rule, the latent heat (for the atomic weight) increased 
with the rise of the boiling point; Person explains the exceptions 
in the following manner: With acetic acid, the results were influ¬ 
enced by the formula assumed, not being exactly equivalent to 2 
volumes of vapour; (he recalls the inconstancy of the density of its 
vapour, as pointed out by Cahours and Biiicau). The same would 
hold good for butyric acid, and perhaps also for butyrate of oxide of 
methyl (with the latter an assumption of this view w'ould scarcely be 
justified; variation with the temperature of the relative vapour- 
densities having by no means been found in the case of ethers). 
The formic acid employed contained water. With oil of turpentine 
a concordant result was obtained, if the latent heat of the weight- 
unit were taken at 76’8, according to Despretz. In general the 
increase of the latent vapour-heats were parallel to the rise of the 
boiling points. 

li. Smith(l) has called attention to the fact, that water may be 
frozen in vacuo even without the presence of absorbents of aqueous 
'vapour, if contained in a vessel, the interior of which is lamp- 
blacked. 

Spheroidal htatc. —Boutiguy(2) gives the following definition of 


(0 Sill. i\m. J. [2] [, 2 Gr); Pogg. Ami. LXX, 171 ; Ami. Cli. I’hariu. lAIV, ISft. 
( 2 ) Conipt, Rend. XXVI, 320; J. (’him, Med. [3] Y. 3. 
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spheroidal 

state. 


the phenomenon usually known under the name of Leidenfrost’s 
experiment; a body placed upon a heated surface is in the spheroidal 
condition, when, assuming the globular form, and remaining on that 
surface out of the sphere of both physical and chemical action, 
it reflects the radiant heat, its molecules being with reference to 
heat in a stable equilibrium, i. e. its temperature being constant, or 
only changing within very narrow limits. 

Faraday(l) succeeded in rapidly freezing mercury by a mixture of 
ether and condensed carbonic acid, after it had assumed the sphe¬ 
roidal state in a red-hot platinum crucible j certainly, a very remark¬ 
able phenomenon, the mercui’y freezing in a red-hot crucible. 

Moritz(2) states, that even upon glass, water may be easily 
obtained in the spheroidal state, when placed at the boiling tempera¬ 
ture upon a heated glass surface. 

“iiumpittH;” in iioiiingr Liquifis.— By the observation that liquids 
freed from air may be heated above their boiling points, without enter¬ 
ing into ebullition, I)onny(3) had been led to supjmse that liquids 
possessed a much more powerful cohesion than is usually ascribed to 
them; that the formation of vapour took place only at the surface 
of the fluid, or when bubble of air was contained in it; that the 
boiling point depended on the amount of air absorbed by the liquid; 
finally, that the so-called bumping of liquids during ebullition was 
due to the circumstance that the greater ])art of the air being 
expelled, the formation of a bubble of vapour could only take place 
at long intervals. Louyct(4) contests these views, and endeavours 
to account for the above phenomena by the increased attraction of 
tlic sides of the vessel for the fluids. 

Rcdwood(.')) recommends the use of glass^esscls, coated inside 
with silver or platinum, for the distillation of substances liable to 
bump during ebullition. 

Volatility of Fixed Substances with Steam. —It is known that some 
bodies—for instance, boracic acid—of a very fixed nature per sc, when 
dissolved in a liquid, volatilize with the vapours of the solvent, when 
heated to ebullition. Larocquc(6) has found this to be the case 
with a great number of substances. 


(1) Ann. Ch. Phys. [3] XIX, 383; Pogg. Ann. LXX, 580; J. Pr. Chetn. XL, 374. 

(2) Pogg. Ann. LXXJI, 112. 

(3) Ann. de Phys. [3] XVI, 167; Pogg. Ann. LXVII, 562. 

(4) Instit. 1848, 294. 

(r.) Pharm. Trans. VIII, 78. 

(6) 3. Pharm. [3] .XIV, 345. 
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Relation between Composition and Boiling Point.— H. Kopp(l) 
has pointed out that the boiling points of analogous chlorine and 
bromine compounds differ 32®, 2 x 32 = 64®, or 3 x 32 = 96®, if 
respectively, 1, 2 or 3 atoms of chlorine in the one, are replaced by 
bromine in the other substance. 

Tension of Vapours.— ^Babo(2) has compared the elasticity of the 
vapour of saline solutions with that of steam. At the tempera¬ 
ture at which a saline solution boils, and the vapour formed balances 
the pressure of one atmosphere, steam possesses a higher elasticity. 
Babo has investigated the connection existing between the difference 
of these elasticities, and the amount of salt in solution; he found 
that for an increase in geometrical ratio of this difference *thc quan¬ 
tities of the salt added to 100 parts of water to fonii the solutions in 
question, iikfi(vise rose in geometrical proportion. (The boiling points 
of saline solutions of different degrees of concentration were taken 
I'rom Legrand’s observations, which several experiments had proved 
tt) be correct). We give, as an illustration, the following table, in 
which A represents the boiling point of a salt-solution at 760*"™, 
containing for 100 of water, the quantities of chloride of calcium 
indicated in column C, and 15 (in atmospheres of 760™™) the elasti¬ 
city of aqueous vapour at the given temperature. 


A 

B 

C 




Observed. 

Calculated. 

102"*5 

1*1 

19*05 

19*05 

105 *1 

1*2 

29*72 

29*09 = 19*05 X 1.526 

110 0 

1*4 

44*0 

44*42 = 19*05 X 1*5*262 

117*7 

1*8 

66*7 

67*84 19*05 X 1*5263 

129 *7 

2-6 

103*67 

103*59 •= 19*05 X 1-526* 

146 *5 

4*2 

157*95 

158*19 = 19*05 X 1*5263 


The quantity of a salt that produces, with 100 parts of water, a 
solution boiling at the temperature at which the elasticity of steam 
is = 1 (O’l X 2") atmospheres, may hence be expressed by 
S X F". Babo has ascertained the values S and F for the fol¬ 
lowing salts (all considered as anhydrous): 


S • F 

Cliloride of calcium . . 19'05 1’526 

Chloride of strontium . 28*65 1*55 
Carbonate of potassa . . 28 1*55 

Acetate of potassa . . * 24*30 1*73 


S F 

Nitrate of potassa . . . 34*30 2*31 

„ soda.... 23*45 1*999 

„ lime .... 33 1*58 

„ ammonia . . 25*9 2 083 


(1) Alin. Ch. Pharm. LXVII, 356; Pharm. Centr. 1849, 123. 

(2) “ Ueber die Spannkraft dcs Wasserdampfs in Salzlosungen,” Freiburg, i. B. 1847. 
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He finds a connection to exist between the values F, and the 
specific volume of the salts, inasmuch as the values arc nearly 
proportionate to the specific volumes. 

Babo found that at temperatures below the boiling points, the 
elasticity (rf the vapour of chloride of calcium solutions, of varying 
concentration, diminishes in the same ratio; for instance, a solu¬ 
tion of chloride of calcium, boiling at a temperature of 118", at 
which temperature the elasticity of the vapour of })urc water is 
= 1'8 atmospheres ai)pears to give, at all ttanperatures, vapour 
of an elasticity 1*8 times smaller than that of pure water. Tlu^ 
same simple relation does not exist with solutions of other salts. 
We add, * expressed in millimetres, the following determinations 
by Babo, of the elasticity of aqueous vapour rising from chloride 
of calcium solutions at different temperatures: A foiling point. 
118"), B (110"), C (105"). 



4(y’ 

4.')® 

50® 

.-iS® 

60® 

65® 

7(1' 

A . 

. 28 

38 

49 

62 

79 

100 

123 

B . 

. 38 

50 

65 

81 

103 

127 

159 

C . 

. — 

58 

76 

97 

125 

150 

188 


Farey(l) communicates the following results, obtained in measur¬ 
ing the elasticity of steam by Southern, a mathematician employed 
in Watt’s factory, in 18ll-. 


Atmospheres. 

Pressure in English inches of: 
Mercury. 

Tcinpcraturc® 

1 

29-8 

100 

2 

59-6 

121-25 

4 

119-2 

145-2 

8 

238-4 

1731 


Alexandcr(2) gives a formula of interpolation fof the elasticity of 
steam: 


_/ t 990\6 

’ Vl80'^lGU5/ 

in which p represents the elasticity in English inches, t the tem- 
])crature according to Fahrenheit, 180 the known fundamental space 
of this thermometer-scale, 990" the latent vapour-heat, 1095 the 
increase of volume on the conversion of water into steam.—This 
formula is tolerably applicable to high, as well as low temperatures; 
the theoretical deduction is, however, unintelligible, and of no value. 


(1) Phil. Mag. [3] XXX, 113. 

VI) Sill. Am. J. [2] VF, 210; Phil. Mag. [3] XXXIV, 1 ami 98. 
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The form of the expression is by no means new, corresponding, 
as it docs, with the formula) of Young(]), Coriolis(2), Tred- 
gold(3), Mcllct(f), Spasky(5), and l)nlong(6).—Alexander 
has, for coraparis{)n with his formula, arranged syuoptically the 
measurements made by Watt (1774), Robison (1778), Betan¬ 
court (1790), Southern (1797—1803), Dalton (1801 and 1820), 
Ure (1818), Arzberger (1819), Taylor (1822), the French 
Academicians (1829), the Franklin Institute (1836), and by 
Rcgnault (1841). 

Sliortrcde(7) has given a review of the different formulse proposed 
for the expansion of aqueous vapour. He himself has constructed a 
formula precisely similar to that of Magnus, for the temperatures of 
the mercury-thcrmonictcr, and for the atmospheric pressure of 0'76"' as 


unit, namely log A 


5 


1625 


225 + t 


for the 


centigrade 


scale, 


or 


Tension uF 
vapours. 


log A = 6-47712125 


2925 
373 + t 


for the Fahrenheit scale, and for the 


elasticity in English inches of mercury. 

Faraday, finding that a gold leaf suspended over mercury below 
0" exhibited no change, had concluded from this experiment that 
vapour was no longer evolved from mcreuiy at this temperature. 
(1. Karsteii(8) has observed that the sun-picture on a daguerreotype 
|)latc will become visible on exposure ofer mercury even below 0^’, 
proving that this metal vapourizes even at that temperatm*e. 

rorinatioii of »cw. — Mclloni(9), incited by an opposition which, 
long ago given up in other places, seems still to be maintained here and 
there in Italy, against Wellses theory of the formation of dew, has 
subjected this theory to revision, and has not only confirmed it in all 
essential points, but has also enriched it with some accurate determi¬ 
nations and observations of his own.—His aj)paratus consisted of three 
concordant thermometers, whose bulbs were surrounded with thimble* 
like, polished, silver vessels, while cylinders of tinned plate enclosed 
their graduated spindles. The metallic cover of one thermometer 
was blackened, those of both the others were bright j the instruments 
were inserted in a horizontal position, through lateral apertures. 


(1) Pogg. Ann. XXVII, 21. (5) Pogg. Ann. XXX, 333. 

(2) Gehlcr’s Pliys. Woerterb. X, 1065. (6) Idem. XVIII, 137 ; XXVII, 23. 

(3) Pogg. Ann. XXVII, 22. I?) Instil. 1848, 220. 

(4) Ibid. («) Pogg- 245. 

(9) Ann. Cli. PJiys. [.3] XXI, 115 ; XXH, 129, 167. Compl. Rend. XXIV, 530, 641; 
XXV, 499. Pogg. Ann. LXXI, 116; LXXllI, 467. 
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into three boxes of tinned plate, widening conically upwards, and 
resting on thin metal feet. So long as the three boxes were closed 
above with covers, the thermometers showed the same tempera¬ 
tures ; when, however, the covers were removed from the blackened 
thermometer, and from one of those with the metallic surface, 
the temperature of the latter fell 0”’108, while that of the blackened 
one fell 3®*581 ; a plain proof that radiation, not the contact of 
the outer air, is the cause of the difference of temperature. 

Melloni found that the radiation was strongest towards a circular 
space of 30® or 35® apparent radius, reckoned from the zenith, while 
the discrepancies of the thermometers diminished and disappeared as 
the axes of the metal boxes approached the horizontal position, 
or when clouds spread over and veiled that part of the sky. 

The deposition of dew was always preceded by a cooling, and the 
slight radiation of metals, entirely explains why they do not become 
bedewed. The following experiment irrcfragably demonstrates this. 
A disc of tinned plate was varnished on one side at its central pail, 
and at some distance above it, on the same axis, was fixed a bright 
metallic plate, wliich, however, left uncovered a ring of the varnished 
part; the whole was then exposed vertically in a clear still night. 
The dew, which appeared immediately on the free varnished surface, 
spread itself towards the metallic margin, more than towards the 
blackened central part, wliich could become cooled only by conduc¬ 
tion. Exactly the same phenomena were repeated on the lower bright 
side of the metal disc that was turned towards the gi'ound; here 
also the central part remained dry. The upper plate of metal, which 
was brightly polished, was not at all bedewed. This simple experi¬ 
ment illustrates all the points discussed by physicists concerning the 
origin of dew, inasmuch as it shows that the dc\f neither falls from 
above, nor rises from below, and that the metals exert no peculiar 
repulsive power upon water-vapour (1). 

Melloni remarks, that he never found greater differences than 
1® or 2®. between the temperature of the radiating body and that of 
the surrounding air, and that Wilson and Wells had observed 
differences of 7® or 8®, only because they placed the thermometers at 

(l) Zantedeschi, however, disputes the result of the experiment here adduced, and 
asserts that he has always found the upper disc, as well as the varnished surface, 
bedewed, if the dew on the night of the experiment has risen at all to the height of the 
dises. Zantedeschi maintains, that the dew originates in water-vapours exhaled from 
the ground. (Arch. Ph. Nat. VII, 59. Delle alterazioni fatte dal Sign. Melloni allc 
dotlrine sulla rugiada e sulla brina dci Sign. Pusiniere e Zantedeschi; L’ipotesi di 
'’VUi; in Raccolta Fisico-Chimica Italiana, III). 
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very unequal distances from the ground. A special explanation is 
indeed requisite for this, that so slight a difference as one of 2® can in¬ 
duce a cCIhdcnsation of water-vapour, and a copious deposition of dewj 
and it is necessary to conceive the theory under a somewhat altered 
view. Melloni remarks, in the first place, that this difference of 
temperature between the radiating bodies and the surrounding air, is 
independent of the temperature of the latter, and he adduces, in 
confirmation of this, the observations of Parry and Scoresby, as 
well as of Pouillet. His own observations with thermometers, of 
which the bulbs were wrapped with cotton-wool and wool, in various 
degrees of compactness, gave the most marked fall of temperature 
when the envelopes were most loose. Here the strata of air, which 
remain between the fibres and become cooled, promote a farther 
cooling of the thermometer; But the same holds good for the air, 
which is retained near the surface of the earth among thick vegeta¬ 
tion, and, therefore, the difference of temperature (between the 
radiating plants and the surrounding air) necessary to induce the 
state of satm’ation with aqueous vapour, is by.no means so great as 
has been hitherto assumed in all text-books of physics. It explains 
why the deposition of dew is so copious and universally diffused when 
it once appears at all. Melloni distinguishes three horizontal strata 
in file air which surrounds the plants. The highest stratum is in 
contact with those parts of the plants that are radiating most 
strongly. This air falls down and becomes still farther cooled in the 
middle region, where the vegetation is thicker, and still subject to 
radiation; it is here that the dew-point occurs. The air now^ falling 
down quite to the ground, and between the lower parts of the plants, 
which are entirely protected by the upper, becomes warm again, and 
rises loaded with the moisture of the soil, again to commence the 
same route. This circulation is the special condition of the formation 
of dew. Hence it is intelligible why a draught of air opposes its 
deposition; why, in very dry air, dew is met with only near moist 
ground and stagnant water, and why the higher trees, exposed as 
they arc to air-currents, and surrounded with a drier atmosphere, are 
so little liable to be bedewed. Melloni farther deduces, from his 
principles, why dew does not occur on the little Polynesian islands, 
and on ships on the high seas, and why, on the contrary, it appears 
copiously, as soon as the ships approach the coasts of continents : he 
explains the sharp night-chills in the deserts of Africa, as well as the 
freezing of shallow water mrdcr an atmospherm temperature of 5® or 
6®, while water has been proved to be unable, by simple radiation, to 
cool itself quite 2" below the temperature of the air. 
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Influence of Colour on tlie formation of Dew. —Brocklcsby(]) lias 
instituted experiments on the dependence of dew-formation, and con¬ 
sequently of radiating power, on colour, by exposing •variously 
coloured pieces of flannel of e.xaetly similar texture, and pieces of 
glass and of pasteboard, coated with difierent colours, to nocturnal 
radiation. The experiments of Melloni, which have settled this 
question, as well as those of Knoblauch, arc not mentioned bv 
Brocklesby. His experiments, however, likewise prove that colour 
has, of itself, no influence on these phenomena. 

Atmldoscopc. —^Babinet(2) has constructed Atmidoscope, which 
shows the rate of evaporation taking place, in a given locality, 
according to the degree of dryness of the air, and its tempera¬ 
ture and motion. A reservoir of porous plastic clay is filled with 
water, and the consumption is measured by a tube, which is in 
connection with it. Babinet holds, that his instrument has these 
advantages over the ordinary hygrometer, that it is affected by the 
movements of the air, and that it indicates the whole amount of 
action from the moment, at which it is set, to that of observation. 

An hygrometer has been described by ]\Iajocchi(3), and an 
improved construction of the same by llcgnault('l). 

Heat-conduction In the Ground. —Dove(,5) has found, by means 
of observations of the temperature of the ground at Brussels, at 
Heidelberg, and at Schwetzingen (the first made in stiff clay, the 
latter in light sandy soil), and farther by observations which ha\ e 
been made at Edinburgh since 1837, in doleritc, coal-sandstone, and 
sandy soil, at depths of 3, 6, 12, and 21- Parisian feet, that the 
amount of the periodic, as well as of the non-periodic laria- 
tions of temperature arc slightest in doleritc, more considerable in 
sand, and strongest in sandstone. ^ 

iieat-condiictlon in crystals.— As, according to Mitscherlich, the 
expansion by heat, according to Savart, the elasticity, and, accord¬ 
ing to the known laws of double refraction, the dispersion of light, 
are dependent on the position of the crystalline axes, so this is also 
the case, according to Scnarmont's(6) experiments, with the conduc¬ 
tion of heat. Senarmont passed through the middle of, and perpen- 


(1) sm. Am. J. [2] VI, 178. 

(2) Compt. Rend. XXVII, 529; Instit. 1848, 158. 

(3) Ann. Ch. Phys. [3] XIX, 77. , 

(4) Ibid. 82; Pogg. Ann. LXX, 530. 

(5) Bcrl. Acad. Ber. 1847, 32. 

(6) Compt. Rend. XXV, 459, 707, 829; Ann. Ch. Pliys. [3] XXF, 157; X.KII, 179 ; 
Pogg. Ann. LXXllI, 191; LXXIV, 190 ; LXXV, 50 ; Sill. Am. J. [2] V, 114. 
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dicularly to, the plates of the crystal which he used, a platinum wire, 
heated by the voltaic current, or, instead of this, a fine metal tube, 
which, when heated on one side over a lamp, was traversed' by a current 
of hot air, or lastly, he placed the plates on the fine point of a heated 
silver wire. The plates had, at most, a diameter of 38 millimetres, 
and the diffusion of the heat on them was graphically represented 
according to the method of Ingeuhouss, the plates being coated 
with pure wax, or with a mixture of wax and olive oil. Wlicn 
this coating melts, it recedes on the plate, as if it no longer 
wetted it, and forms a little wall, so sharply defining the iso^icrmal 
line of the fusing-temperature of the wax, that, after cooling, the 
length of the major and minor diameters of its curve can be mea¬ 
sured, as well as their inclination to any other direction conveniently 
assumed on the plane of the plate. 

By slitting plates from the same crystal in various directions, it 
was thus possible to ascertain the form of the isothermal surfaces. 
The chief result of Sciiarmont\s research was, that these iso- 
Ihermals, in the case of crystals having two optic axes, are either 
ellipsoids with three unequal axes, or, at least, surfaces, which 
iip|j]-oach very nearly to such cllij)Soids. In all crystals optically 
uniaxial they ])ass into ellipsoids of revolution, whose axis coincides 
with the optic axis; in homogeneous amorphous bodies, as well as 
in ( ratals of the regular system, the isothermal surfaces are spheres. 
—Generally, the principal thermal axes coincide with the optic axes 
of elasticity, and exceptions occur only where,—as in the oblique 
prismatic (monoelinoraetrie) system for those axes, which lie perpen¬ 
dicularly to the axis of symmetry; and in the doubly-oblique pris¬ 
matic (triclinomctric) system, for call three axes,—even the colour of 
the light implies a difference in their position, so that we may 
always imagine a w^ave-length, whose proper axes of elasticity actually 
coincide with these thermal axes. 

The bodies examined by Senarmout were— 

I. Homogeneous plates of plate-glass and of zinc; tfiree plates of 
fliior-s})ar, parallel respectively to a surface of a cube, of an octo- 
hedron, and of a rhombic dodecahedron; plates of iron pyrites, 
magnetic iron ore, red oxide of copper, galena, and blende. 

II. From the square prismatic (tetragonal, pyramidal) system :— 
(jf cassiteritc (binoxidc of tin), rutile, idocrase, and subchloride of 
mercury, plates cut perpendicularly, as well as parallel, to the axes. 
Tlie first gave circles, the latter' ellipses, the proportions of whose 
axes were, for rutile = I'37, for idocrase = 1-13, for subchloride 
of mercury = 1*33. 
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III. From the right prismatic (hexagonal, rhombohcdral) system:— 
calcareous spar, quartz, beryl, specular iron ore, and corundum. The 
result was as in the preceding system; the proportions of the axes of 
the ellipses being, for calc-spar = 1-13, for quartz = 1*312, for 
beryl = I’ll. The thermic properties fail of perfect coincidence 
with the optic, inasmuch as, both in quartz, in subchloride 
of mercury, and in rutile (that is, in so-called optically attractive 
crystals) and also in calc-spar and beryl (that is, in repulsive crys¬ 
tals), the thermic ellipsoid is a prolate one. However, the oblate 
ellipsoids have hitherto been found only in the case t)f the repulsive 
(idocrase, specular iron ore, and corundum), the most prolate in 
attractive crystals. To explain these phenomena we must assume the 
heat as corresponding to light-rays, which lie beyond the extreme red. 

IV. From the rhombohcdral system:—heavy-spar and topaz, 
which gave no decided results; also arragonite, bournonite, stibine, 
staurolitc, and pinite, in which the three thermic axes lie 
parallel to the crystalline axes. The proportions of the axes of tile 
ellipses were, in an arragonite-plate, parallel to the base of a 
rhomboidal prism, = 1’22; for bournonite, in a plate perpendicular to 
the base, and parallel to the greater diagonal = 1*31, and in a plate 
perpendicular to the base, but parallel with the lesser diagonal, 
= 1*29. 


V. From the oblique prismatic (monoclinoinetric) system:— 
felspar, augitc, wolfram, gypsum, glauberitc, and adularia. Of 
the four first crystals, three plates were examined in every case; 
No. 1 vertical to the axis of symmetry, which in each is also a 
thermal axis : Nos. 2 and 3 parallel with the axis of symmetiy, and 
with one of the other two thermal axes. The proportions of the axes 


of the ellipses 

are; 

Feldspar. 

Augitc. 

Wolfram. 

Gypsi 

No. 1. 

1*23 

1-24 

1*09 


„ 2. 

1*02 

1-28 

M3 

1*24 

.. 3. • 

1*27 

MO 

1-23 

1-50 


VI. From the doubly-oblique prismatic (triclinomctric) system:— 
bichromate of potassa. The experiments with this substance gave no 
decided results. 

The analogy between the thermic and optic properties was con¬ 
firmed also by Senarmont'8(l) experiments with substances, whose 
homogeneous molecular state was altered by their being compressed, 

(1) Tnstit. 1848, 142; Corapt. lUsnd. XXVII, 501; Ann. Cli. Pliys. [3] XXTII, 257; 
Pogg. Ann. LXXVI, 119. 
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drawn, or tempered. Square plates, of 35"*“* side-length, and of 
C—8""" thickness, compressed between the two parallel jaws of a vice, 
showed clearly thermal ellipses, whose lesser axes always fell in the 
direction of the pressurej that is, of greatest density. Experiments 
with porcelain, with plate-gla||3, and with flint-glass, gave axis-pro¬ 
portions from 1'031 to 1*098. In the case of bodies in which such a 
molecular state is artificially induced, a prolate or oblate thermal 
ellipsoid always corresponds to a similar form of optical surface of 
elasticity, but these bodies are also optically attractive or repulsive for 
all coloured rays without distinction, while there are crystals, as, for 
instance, apophyllite, which arc attractive for one part, repulsive for 
another, and simply refractive for one middle part of the spectrum. 

Honnet(l) and Duhamel(2) have treated mathematically the 
problem of heat-conduction in bodies, whose conductivity is different 
in different parts and directions. The latter arrives at this con¬ 
clusion among others, that according to w'hatcver law heat may be 
supplied to all the points of a line which stands perpendicular to a 
thin })late of crystal, the isothermal curves are ellipses, whose axes lie 
parallel with two principal axes of the heat-conduction, and are 
proportional to the square roots of the corresponding values of the 
conductivity. 

Bert ran d(3) communicates the results of an essay on the sim- 
plificai lon of calculations, relative to the motion of heat, by altering 
the coordinates. 

Radiatiou of Heal. —By an extensive series of researches Knob- 
lauch(l') has, in [)art, newly confirmed, and in part amplified, several 
most essential points of our knowledge of radiant heat; and, lastly, 
he has completely carj'icd out the analogy between the behaviours of 
radiant heat and light. lie made use of a multiplier, provided, 
when nccessaiy, with thermo-piles of 15, 25, or 40 elements, which, 
for experiments on inflection and double refraction, were narrowed to¬ 
wards one side to a small vertical edge.—Concerning the penetration of 
heat-rays through diathermanous bodies, especially as depending on 
the temperature of the source of heat, it was previously known, that 
certain of these bodies permitted the passage of the heat in inap- 


(1) Compt. Rend. XXVII, 49. 

(2) Ibid. XXV, 870; XXVII, 129; Instit. 1848, 246. 

(3) Ibid. XXVII, 557. 

(4) fieri. Acad. Ber. 1846, 355; Instit. 1846, 21; 1847, 277; Dc Galore Radiante 
disquis. Uerol, 1846; Pogg. Ann. LXX, 205, 337 ; LXXI, 1; LXXIV, 9,161, 170, 177; 
Jabresber, ub. d. Fortsebr. d. Phys. i. J. 1846, fieri. 280, 311. 
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preciable times; that, for any given substance, the smoother its 
surface, the greater the amount of transmitted heat; that the loss, 
which the heat suffers by transradiation, becomes smaller in j)i’o- 
portion as the thickness of the substance already passed through 
increases; that the radiant heat permeites various bodies iti different 
proportions, and that these proportions have no relation to the 
transparency of the bodies; that the rays emanating from the same 
heat-source, which paSS through various diathermanous substances in 
succession, suffer losses thereby, which vary according to the nature 
of these bodies, being,' however, always greater than those which 
they sustain, by passing through a series of uniform matcjials; that 
heat-rays from different sources, which induce exactly equal ch;vat ions 
of temperature, penetrate the same substances in dissimilar i)ropor- 
tions.—The experiments of l)e la Roche and of Mclloni seemed to 
prove that the transradiant ])Ower of heat increases with the tem- 
peratime of its source; only two observations indicating an excL'ption, 
viz., that the heat-rays from all sources pass through pure rock- 
salt in the same proportion, and through hunp-blacked rock-salt in 
the greater degree, the lower the temperature of the source.—It 
appears from the cx})erimdhts of Knoblauch, in which he em])loyed, 
as heat-sources, red-hot platinum without flame, an alcohol-flame 
without a carbonizing wick, an Argand lamp, with a constant 
oil-level, with a cylindrical wick, and without a glass chimney j and, 
lastly, a hydrogen-flame, supplied from a gasholder unddr constant 
pressure, that the heats of the hydrogen-flame, .and of the ignited 
platinum, notwithstanding the great difference of their temperatures, 
were equally capable of passing through a glass-plate, while that of 
the alcohol-flame possessed this property in a lower, and that of the 
Argand lamp in a higher degree. The heats ^f the flames of 
alcohol and of hydrogen pass equally through alum, and that <ff red- 
hot platinum, even more freely; while the heat of the hydrogen-flame 
passes less readily, than those, of the three other sources, through 
potassa-mica, and through magnesia-mica.—The rays from a Les¬ 
lie’s cube, gradually cooling, exhibited a power *of penetrating 
through the most various substances, which was the same, whatever 
might be the temperature, between 30® and 100®, of the. origin of 
heat.—The rays, which proceeded from a cylinder of sheet iron, 
heated over an Argand lamp, passed, through some substances, 
better at a high than at a lower temperature ; through others, equally 
well.—Of the rays, which are emitted from a platinum spiral heated, at 
first, lightlessly, then to redness, yellowness, and, finally, to whiteness, 
those from the red-hot and from the yellow-hot metal pass through 



THERMOLOGY. 


81 


glass in the same proportion. Those of the yellow-hot pass less 
freely through alum, than those of the red-hot and of the dark-hot 
platinum, while their penetrating power for glass increases with the 
teitn)erature. On these experiments collectively is grounded the con¬ 
clusion, “ that the penetratmg power of radiant heaty through dia~ 
thet'manons bodies, stands in no direct relation with the temperature 
of its source” 

With respect to the heating of bodies by radiation, it was known 
before : Firstly, that different substances were heated in different 
degrees, by the influence of one and the same source; Secondly, 
that the degree of heating of each substance is dependent on the 
quality of its surface; Thirdly, that one and the same body is 
equally strongly heated, by rays from difierent sources, which exert 
an exactly equal influence on a lampblacked thcrmoscope. Kno¬ 
blauch proved,—^by experiments with a metallic disc, which, on 
the side towards the thermo-electric pile, was coated with lampblack, 
and on the other side at one time with carmine, at another with 
black paper,—that the heating, for similar intensities of irradiation, 
is independent of the temperature of the source, and is determined 
alone by the nature of the absorbing substances, which arc more 
rece[)tivc of certain rays than of others. 

To ascertain the relation of the heating of bodies to their thick¬ 
ness, Knoblauch coated thin discs of metal plate, similar in every 
respect, with difierent thicknesses of—Firstly, transparent varnish; 
Secondly, of black, opaque, but diathermanous lac ; Thirdly, of white 
lead; and exposed them to the radiations of the same heat-sources. 
The bodies became heated, within the limits of the experiments (100”, 
and the temperature of the Argand lamp)*, the more highly, the 
greater their thickness. That the experience of Leslie and of Mel¬ 
lon! should have been the reverse arose from this, that they employed 
screens so thick, that only a small portion of the absorbed heat reached 
the sides which were turned to the thcrmoscope. There is, then, a 
limit, beyond which the heating of a body ceases to increase with its 
thickness, and which, for a given substance, depends on the nature 
of the origin of heat.—However, diathermanous bodies are most 
warmed by the rays, which are least able to pass through them. 

Various substances radiate heat at the same temperature in 
different degrees. For a given substance this property is depen¬ 
dent, as well on the quality of its surface, as on its thickness. 
Knoblauch employed, as side-surfaces of Leslie’s cube, leaden 
plates, some cast, some rolled, first polished, then simply, and last, 
doubly scratched, and found, as previously did Melloni, that an 
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alteration of the surface by scratching, &c., only influences its radia¬ 
ting power, so far as its density and hardness are changed. That power 
is increased or diminished, according as the substance is made looser 
or more compact in texture by the scratching.—Farther, by the em¬ 
ployment of various thicknesses of varnish, he confirmed the result 
obtained by Rumford and by Melloni, viz.: that the radiating power 
increases with the thickness of the radiating surface. By coiriparison 
of this result with that quoted above, we arrive at a new proof of the 
conformity between the radiation and absorption of heat.—Their 
parallelism is absolute for the same bodies, so that all influences, 
which exalt or depress their radiation, exert the same action on their 
absorption; but in a comparison of different bodies we can by no means 
assert that one of them, which, at a given temperature, shows a 
higher radiating power, will, therefore, generally have a higher 
tendency to absorb heat, since the proportion, in which heat is 
absorbed by two bodies, varies with the nature of the rays. A plate 
of carbon, and a disc of metal-gauze coated with carmine, being 
exposed, first to the radiation of an Argand lamp, then to a dark 
source of heat at 100”, the first plate gave, with both sources, an 
equal, the carmine disc a greater deflection of the needle, under 
the influence of the dark rays. This distinction persisted in the 
same degree^ when the second side of the carmine disc was lamp- 
blacked, and, therefore, plainly arises from a power of absorption, 
that is different for different sources of heat. Black paper behaves 
similarly, and these bodies have, therefore, with an unequal tendency 
to absorb, an equally great radiating power. The radiation of heat 
is the same, from whatever source the rays, which have warmed the 
radiating substance up *to a given temperature, may proceed. 

One of the best methods of determining the similarity or dissi¬ 
milarity of heat rays, consists in examining whether they penetrate 
diathermanous substances in the same or in different proportions. 
Knoblauch employed this means for the decision of the question, 
whether the heat, which radiates from certain bodies at one and the 
same temperature, or within fixed limits of temperature, appears as 
heterogeneous, according as it is given off from one or the other 
body, or is supplied to them in dissimilar modes. Various diather¬ 
manous substances laid over the side-surfaces of a Leslie's cube, 
and heated between the temperatures of 30°—112°, also metal, wood, 
porcelain, leather, cloth, and pasteboard, heated by radiation from 
various sources, themselves gave off by radiation heats of exactly 
similar natmre, i. e., such as pass through diathermanous proof-plates 
in the same proportions.—However, the heat-rays, which come off 
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from diathermanons plates heated by rays from an Argand laraj), 
behave differently in this respect. The heat proceeding from these 
plates consists of two parts, viz. of the appropriated specific heat, and 
of the heat radiated through them; the latter part is that, which 
determines their heat-colour, and therefore the differences of their 
behaviour tow'ards other diathermanons plates. If a metallic cylinder, 
heated to 112”, or the heat developed by the vital process, as that of 
the hand, served as the source, diathermanons bodies, as well as 
adiathermanous, conferred perfectly similar penetrating power on the 
rays which they threw off.—The heat, therefore, whieh escapes from 
different bodies, between the temperatures of 30*^ and 112” under the 
most dissimilar circumstances, is recognised as perfectly similar.—^The 
method adduced gives, at the same time, a ready means of examining, 
whether a body transmits heat or not. It is heated by means of an 
Argand lamp, and the penetrating power of its heat-rays is examined 
by a scries of diathcrmaiious plates. If results arc obtained the same 
as from a body established as adiathermanous, then the substance 
under examination also belongs to this class. Differences can only 
arise from the passage of chromatie heat. Thus, black glass, black 
asphalt-varnish, a thin layer of carmine, letter-paper and ivory proved 
to b»; diathermanons. 

The dispersion of heat, or its diffusion by reflection, was first 
proved with certainty, and closely investigated by Melloni. He 
found that the diffusion from a white surface has a different intensity 
for different heat-rays. The metals only diffuse the heat of all 
sources with equal strength; lampblack (carbon) exhibits scarcely any 
perceptible diffusion.—The intensity of the diffused, is like that of the 
regularly reflected, heat, dependent on the nature of the substance, 
and on the quality of its surface; one essential distinction between 
this diffusion and regular (apiegelnden) reflection, consists in this, 
that, in the first case, the heat-rays of different sources are thrown 
back from the same substance in different proportions, and that the 
heat-colour of the diffused rays is generally different from those of the 
directly reflected, or of the incident heat, as follows unquestionably 
from Knoblauches experiments.—The diathermanons proof-plates 
served again to establish this proposition; i. e. it was ascertained 
whether the radiant heat penetrated the same diathermanons 
media in various proportions, accordingll 'as it was employed in the 
state of direct or of diffuse refleolion f» n various bodies.—In these 
experiments the heating of the disperf ig substances was avoided, 
by covering with them the sides of a| ictal-cube, w^hich contained 
water of the temperature of the surrouil iing medium. To obtain the 
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action of a direct radiation^ similar under all conditions, and there¬ 
fore results comparable with each other, the distance, inclination, and 
magnitude of the dispersing surface had to be altered in a great 
variety of ways. Decisive experiments proved, that the j)assagc of 
diffused heat, through diathermanous plates, was not affected by 
these changes. The heat radiated from various colouring matters, 
from bodies of similar natm*e, but differently coloured, and lastly 
from dissimilar bodies of the same colours, clearly showed well 
marked differences as regards its passage through the proof-plates. 
The annexed table, for instance, shows the behaviour of the rays of an 
Argand lamp, according as they were disjicrsed by a series of 
coloured, white, or black suifaces. 

Many bodies of similar uaturc change the heat in an exactly 
similar manner, such as, for instance, birch-wood, cork, and 
mahogany, as also the ineials and metallic alloys, whit’h, besides, 
give back the diffused heat exactly as it falls on them,—a result 
agreeing with the proposition of Melloni, that rough metallic sur¬ 
faces behave tovvards heat, just as do white surfaces towards light.— 
The chief result is, that there are many bodies, by dispersion from 
which the heat-colour is very much altered, \vhile from others it is 
not at all; and that this alteration is independent of the roughness 
of the surfaces; the metals retain their whiteness of heat-colour, 
whether they are employed rough or buniished.—Numerous instances 
prove that the change, after diffusion, of the power [lossessed by 
heat of passing through one diathermanous substance, stands in no 
sort of relation to its transmission through any other. 

From the examination of the influence of the sources of the heat 
on its diffusion, it appeared, that the alteration of 4hc heat-colours, 
which is very considerable in the case of an Argand lamp, is less in 
that of red-hot platinum, yet smaller for the rays of an alcohol-flame; 
and, for those of an iron cylinder of any temperature between 21” and 
112", it is absolutely nothing. Generally, therefore, the changes which 
heat undergoes by diffused reflection, are dependent as well on the 
nature of its origin, as on the quality of the reflecting substances.— 
Knoblauch found, by repeating the experiments with the four 
above-mentioned sources of heat, that the surfaces, which exert an 
ecpial influence on the rays of one of them, for instance, of the 
Argand lamp, also modify the rays of the. other sources in the same 
manner. • 

Two explanations of the change which the heat-rays suffer under 
diffused reflection, suggest themselves. It rests either on an actual 
alti ation of the heat-rays, or only on an elective absorption on the 
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part of the dispersing sui’faccs. If the latter be the case, a variation 
of intensity of the heat-rays must accompany their difference in pene¬ 
trating power. Thus, for example, the heat diffused by white paper 
has a greater po\ver than that reflected from blade paper, of passing 
through red glass and through calcareous-spar. Again, the heat of 
Argand lamps contains more rays of the heat-colour of red glflss 
and of calc-spar, than do those of an invisibly-heated cylinder.. 
Accordingly, if a partial absorption is the cause of the beat-colours 
of the dilfuscd rays, white paper must be proportionally a worse 
reflector of the heat of the latter source, than of that of Argand lamps, 
if the diffusion of both sorts of rays by black paper is chosen as the 
standard of comparison. Experiment establishes this, and it follows 
from an extensive aeries of similar observations:—Firstly, Tliat a 
surface, which rcHects heat, so that it shall pass, in a higher degree 
than that thrown back from another surface, through red glass, blue 
glass, alum, rock-salt, calcareous-spar, and gypsum, xvill reflect in 
comparison with this second surface, most highly the heat of Argand 
lamps, next that of red-hot platinum; in a lower degree, that of 
alcohol-flames; and in the lowest, that of the heated cyliuder : this, 
too, at the same time, implies the converse, that a reflecting surface, 
Avhich, in comparison with another, diminishes the penetration of 
heat through the substances here mentioned, reflects the rays 
of Argand lamps, proportionally, in the lowest degree; those of 
red-hot platinum in a higher; with yet greater intensity the rays of 
alcohol flames; and, relatively, with the greatest, those of the lightless 
cylinder:—Secondly, That, if the heat-colours of certain proof-plates 
are ascertained to be more homogeneous with one dispersing surface, 
and of other plates more with a second surface, the first surface also 
reflects the rays of various heat-sources in some cases more strongly, 
in others more weakly, than does the second :—^Thirdly, That, on the 
contrary, if the reflected rays behave similarly towards diathermanous 
plates, both surfaces also throw back the rays of difierent heat- 
sources with equal intensity.—Tlie collective result is, therefore, 
that the alterations of the heat by dilTused reflection arc only the 
consequences of an elective absorption, exercised by the reflecting 
surfaces, over cci’tain of the rays thrown upon them.—The pheno¬ 
mena are analogous to those, which have been observed in the 
diffusion of light, while, as Hcrschel and Melloni had already 
remarked, the analogy of the two sorts of rays. docs not extend to 
their reflection. 

The researches of Knoblauch teach us, wuth reference to the 
heat sources, which he employed, that the variety of the rays emitted 
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is greatest from the Argaud lamp, less from the red-hot platinum, 
and yet less from the alcohol-flame, while it disappears altogether in the 
case of the cylinder heated to 100”; in fact, the heat radiated from the 
most different solid bodies, between 30® and 112”, is entirely homoge¬ 
neous, or monochromatic. —Knoblauch, by malting use of a platinum 
spiral, which was heated over the chimney of a Berzelius lamp, from 
below 112”, through redness and yellowness up to whiteness, found, by 
testing it with diathermanous plates, that the variety of the heat-rays 
emitted from the same body iiiereascs w ith the tempcratiu’c. 

De la Brovostaye and Dcsains(l) have instituted some re¬ 
searches on the radiation of heat, which are to be regarded as a 
continuation of an earlier essay (2). 

Dulong and Petit, during their researches on cooling in air- 
fillcd space, had thought that the action of air under a pressure p 
might be represented by n. p”’^®. i)e la Provostayc and Desains 
show, that the mode by which this expression was arrived at, does 
not exclude a formula n.p”'‘^-f-f{p), if f(p) vanishes with p, and is 
constant within the limits of their experiments. The experiments on 
cooling in atmospheric air have proved that at a low pressure there 
is a point of flexure in tlie curve, which represents the dependence of 
the rate of cooling on the pressure. In hydrogen Do la Provostayc 
and Desains obtained the following results: 

Pressturc. . . 0'"-760 0“‘-477 0"'057 0'"-020 0"’0044 

Time of cooling 12'46" l.r20" 13'40" 27'24" 

The cooling, therefore, proceeds the more slowdy as the rarity of 
the gas increases. In the case of carbonic acid, the time of cooling 
increases with the diminution of the pressure up to 35"”", remains 
then equal up to 12”"", and then diminishes. Protoxide of nitrogen 
behaves in an exactly similar manner.—The cooling in a mixture of 
equal volumes of hydrogen and atmospheric air, under a total 
pressure of GO”*"* proceeds more slowly than in hydrogen under 
30""”; so that here, therefore, the action of the air is retarding, while 
alone it would act as accelerating. The molecules of gases seem to 
act on each other, so as to diminish their mobility.—In reference to 
the intensity of radiation, De la Provostayc and Desains have 
substituted, for the known formula of Dulong and Petit, a more 
comprehensive expression, and have proved its accordance with 
the results of observation. If the temperature of the thermo- 

(1) Ann. Ch. Pbys. [3] XXII, 358; Compt. Rend. XXIV, 60, 684, 967 ; XXV, 106 : 
Arch. Ph. Nat. IV, 174. 

(2't Ann. Ch. Phys. [3] XVI, 381. 
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electric pile in two experiments is t and t', and T and T', that of the 
source of heat—^the ratio of the deflections of the needle is expressed, 

n _ L_ —1 

»,+.»,+w , 

a — 1 

where a = 1-009, J = T -1, 5, = r -1> = 

The same physicists compared the radiating power of metals, in two 
different methods, with that of lampblack as unity, and obtained the 
following results: 


Metals. 

Radiating power. 

1st. Method. 

2nd. Method. 

Silver, solid, rolled. 

O-O,*! 

0*029 

Do. chemically precipitated on copper (dull surface) 

0*0536 

0*053 

Do. Do. Do. and polished 

0*0225 

0*022 

Do. silvered. 

— 

0*0205 

Du. solid, polished. 

0*025 

0*022 

Do. Do. after long heating .... 

0*0275 

0*0297 

Do. plated on metal.. 

— 

0*104 

Platinum rolled. 

0.108 

0*104 

Do. polished. 

0*095 

0*09 

Gold-lr^f. 

0*0128 

0*043 

Bhcct copper. 

0*049 

0*0514 


These values arc considerably less than those which the experi¬ 
ments of Leslie and of Dulong and Petit assign to the radiating 
power of the metals.—Knoblauch(l) seeks to account for these 
discrepancies, by the variability of the radiating power of lampblack, 
as proved by Melloni j and he points out that this magnitude is no 
longer admissible as a standard. However, only thus much seems to 
follow from Mel Ionics research, that the layer of lampblack must 
be made sufficiently thick, to obtain a constant maximum of 
radiation, and it does not appear from the treatise of the French 
physicists, that they have neglected this precaution. 

The first of the two above-mentioned methods of determining the 
radiating power, consists in exposing* • thermo-electric pile to the 
influence of the hot surfaces, of which, . i the case of the metals 
a larger, and of the lampblack a smaller extent was admitted to 
action, by means of a perforated screen.—In the second method two 


llndiiitioii 
of heat. 


(IJ Jahicsber. tlci* Berliner Bhys. (Jesellschaft fur 1846, 279. 
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equal surfaces were em])loyed, the metallic ones, however, at a 
higher teinperature, and, from the deflection which the lain])black 
surface gave at T, that which would occur at the higher temperature 
T of the metal was calculated by the formula 



so that the magnitudes obtained were comparable. We here insert the 
corresponding results obtained by some other physicists. Melloni, 
incidentally to some researches on the foi'mation of di:w, has measured 
the radiating power of some substances, with which lie coated the 
metallic cases of his thermometers. He found, taking the power of 
lampblack at 100, for 


Silver .... 

3026 

Herbs with smooth leaves 

. 103 

White-lead 

99 

Leaves of dm and poplar 

. 101 

Varnish .... 

97 

Sawdust of poplar . 

. 99 

Isinglass .... 

96 

„ mahogany 

. 95 

Glass .... 

93 

Gravel. 

. 93 

Graphite .... 

86 

Vegetal mould 

. 92 


A thermometer, whose bulb was covered with one coat of varnish, 
cooled six times less than another with eight coats of varnish;—a 
proof that the radiation proceeds from points beneath as well as on 
the surface. 

Masson and Courtepee(l) have instituted experiments on the 
radiating power of many substances in the form of extremely fine 
precipitates; they thence ’concluded—Firstly, That the metals, in 
the state of fine division, have a considerably greater power of 
radiation than when they arc cast or hammered^ Secondly, That 
this power of bodies depends on their state of cohesion, but not on 
their general nature ; Thirdly, That all bodies, if reduced to the same 
state of fine division, would have, at lOO*^ the same radiating power. 
In a subsequent communication(2) they add, that bodies in a state 
of extreme comminution seem, even at 400'^, all to have equal powers 
of absorption and of dispersion,* that all substances which entirely 
absorb light, exert also an equal action on the heat-rays; that all 
substances, not black, exhibit the same power of absorj)tion and 
diffusion, and this also for luminous rays, through whatever sub- 


(1) Compl. Rend. XXV, 936; Sill. Am. J. (.2] VI, 353. 

(2) Conipt. Rend. XX VH, 592 ; InMit. 1848, 358. 
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stances they may have passed. Phosphate of lime alone is stated to 
have a diffusing ])ower very weak in proportion to its strength of 
absorption. 

Glaisher has communicated to the Royal Society of London(l) 
some results conctu'iiing the nocturnal radiation of heat, which he 
obtained with nearly 100 different substances. 

lie la Provostaye and Desains have also measured the reflecting 
power of metals, by causing the rays of a Lokatelli^s lamp to be 
reflected from smooth metallic plates, and then to fall on a thermo¬ 
electric pile. They obtained the following results with an incidence- 
angle of 50” : 


Plated silver, well polished 
Gilt steel, perfectly polished 
Plated gohl . 

Popper 

Itrass .... 

V arnished copper. 


. 0-97 I Speculum-m 
. 0-97 I „ 

. 0-95 Platinum . 
. 0-9.1 i Steel 
. 0-93 ' Zinc . 

. 0-86 ! Iroiv . 


freshly polished. 0-8r>5 
slightly dimmed. 0-825 
. 0-83 
. 0-825 
. 0-81 
. 0-77 


The method of preparing the metal surfaces has an extremely 
slight influence on the reflecting power, provided the polish is always 
perfect.—The sum of the reflecting and radiating powers of silver 
(0*97 + 0*025) is very nearly = 1, and since the dispersion hy silver 
is only extremely small, this result offers a confirmation of the equality 
of the powers of absorption and of emission.—The intensity of the 
heat-rays reflected from a glass surface increases considerably with 
the increase of the angle of incidence, and the absorption, and there¬ 
fore also, the radiation, must suffer a corresponding diminution. 

iceficctloii of iicat-rays. —Knoblauch(2) has, by means of com¬ 
parative experiments with a mirror of black glass, and with one of 
steel, confirmed the proposition already put forth by Forbes, and by 
l)c la Provostaye and Desains, that the intensity of the reflected 
heat is augmented with the increase of the angle of incidence in the 
case of glass, and diminished in the case of metals. His experiments 
gave the following deflection of the multiplier-^edle : 

Angles of the heat-rays with 


the mirror CO" 50“ 40® 30“ 20® 10“ 

On black glass ! ! ! 7 .10^ 10 0 11*0 15*1 28-1 4.3-0 

On steel. 56.0 55-0 54*5 50*0 48-0 43*0 


The experiments of Dc la Provostaye and Desains, on the intensity 
of radiation at different angles of divergence,gave the following results; 


Radiation 
of heat. 


(1,' Phil. Mag. [3] XXXI, 69. 


(2) Pogg. Ann. LXXIV, 168. 
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Reflection 

af 

Angles of divergence 

0“ 

60» 

70» 

7.'>'* 

80« 

v* ■■ 

heat-rays. 

From lampblack . . 

100 

— 

100 

— 

100 


,, glass .... 

90 

83-6 

7501 

65-3 

54-44 


„ white-lead paint. 

100 

94-6 

83.9 

— 

65-9 


„ rcd-ochre paint . 

100 

— 

91-2 

— 

82-3 


„ black paint . . 

100 

— 

— 

— 

76 


The proposition enunciated by Lambert, and also, in the opinion 
of Leslie, practically confirmed by bis own experiments, that the in¬ 
tensity of the radiated beat is proportional to the sine of the angle of 
divergence, must be modified according to the results just adduced. 
Each of the above numbers would, according to Lambert’s proposi¬ 
tion, have been 100, since the magnitudes of the radiating surfaces 
are always inversely proportional to the sines of the angles of 
divergence. In the case of glass especially, there appears to be a 
remarkable anomaly, as indeed might have been inferred from the 
strength of the reflection at large angles of incidence, for whatever 
may be the governing law, the equality of the radiation and absorp¬ 
tion being assumed, the sum of the reflection, the radiation, and 
the diffusion must be equal to 1.—^Thc reader is referred to the 
memoir itself for some theoretical considerations, as well as for the 
whole of its second section, in which are given analytical expressions 
of the interchange of heat between a spherical shell of constant 
temperature, and a globular thermometer in its centre, and also of 
that between a thermometer, and a source of heat in a medium of 
constant temperature.—Dc la Provostaye and De8ains(l) have also 
published a paper on the diffiision of heat from metallic surfaces. 

Double Uefractlon, Polarization, Interference, and Inflection of 
Radiant Heat. —^Thc double refraction of radiant heat has already 
been proved by Berard, Forbes, and Melloni, and its polarization 
by the same three authors ftnd by Erman, however tife perfect analogy 
between the behaviour of light and of radiant heat, in reference 
to refraction, polarization, interference, and inflection, has been first 
established by the extensive researches of Knoblauch, and by some 
experiments of Dc la^rovostaye and Desains. 

Knoblauch(3) directed sun-rays, reflected from a heliostat, upon 
the natural rhombic surface of a crystal of calc-spar, and received the 
rays which passed through it on a thermo-pile, whose surface formed 
a vertical strip of only breadth. A deflection of 20“*5, a return 
to 5^, and a secondary deflection of 20”'75, unequivocally proved the 
double refraction of the heat. The distance of the extreme borders 


(1) Compl. Rend. XXVI, 212; Pogg. Ann. LXXIV, 117. 

(2) Pogg. Ann. LXXIV, 1.'^ 
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of the two heat-images was altered, if the calc-spar was made to 
revolve in a plane ])erpendicular to the heat-rays. It was necessary 
to turn it through 90", to cause their distance to increase from its 
iiiinirnum to its maximum. On the rotation of the calc-spar, one of 
the pencils of rays (that of extraordinary refraction) moved round 
the other, (of ordinary refraction,) which remained stationary. The 
intensity of the two pencils was equal. None of the phenomena of 
donhle refraction appeared, if a plate, slit off from the ciystal perpen¬ 
dicularly to its axis, was employed. 

Knoblaucli(l) obtained the polarization of heat by reflection, by 
throwing sun-rays from a mirror of black glass or of* steel, through 
a Nicholas prism.—Various angles of incidence being employed, it 
resulted, that the perfection of the polarization increased at first, 
when the angli; formed by the heat-rays with the mirror was small, 
and afterwards diminished. The best polarization appeared, when 
this inclination was, with the glass mirror 35", with the steel about 
15". The maximum, in the first case, amounted to 74 rays polarized, 
out of 100 reflected; in the latter to only 34. 

Kuoblaucli(2) tested the polarization of heat by simple refrac¬ 
tion in three dificrent ways. The subjoined table represents in 
colmmis I the results obtained, when a set of parallel glass plates 
served as the polarizer, and a similar set as the analyzer; in II, when 
a NichoPs prism was employed to analyse; in III, when a Nichol 
polarized, and a set of glass plates analysed. 


Of 100 rays, were polarized, by use of 


Angle of incidence 
of heat-rays. 

3 plates. 

6 plates. 

9 plates. 

12 plates. 

I. 

II. 

HI* 

1. 

II. 

ni.* 

I. 

If. 

III. 

I. 

11. 

III. 

0® 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20« 

0 

10 

9 

0 

17 

13 

0 

30 

20 

13 

44 

f»0 

40" 

0 

22 

25 

13 

53 

38 

25 

63 

.'ll 

50 

70 

09 

60" 

21 

36 

47 

53 

81 

71 

76 

96 

92 

100 

100 

100 


The polarization, by simple refraction, is therefore the more perfect; 
Firstly, the greater the angle of incidence, the number of glass plates 
being constant. Secondly, the greater the number of plates, the in¬ 
cidence-angle being constant. The planes of polarization of reflected 
and of refracted heat are at right angles. 

The polarization by double refraction has also been examined by 


Double re. 
fraction, 
pularlza- 
tioD, inter¬ 
ference, 
and inflec¬ 
tion of ra¬ 
diant heat. 


(1; Pogg. Ann. LXXIV, Itil. 


%) Ibid. 177. 
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Double re¬ 
fraction, 
polarlzii- 
tiou, ititer- 
ferenre, 
and inflec¬ 
tion of ra¬ 
diant heat. 


Knoblaucli(l). Crossed tourmalines polarized 58 rays out of 
100 of those that passed through the parallel plates. A Nicholas 
prism gave a very complete polarization; and this phenomenon is at 
the same time a new proof of the total rclleetion of heat-rays.—^Thc 
two heat-images exhibited by calc-spar proved to be polarized in 
planes perpendicular to each other. A plate of calc-sj)ar between 
Nicholas, parallel or crossed, presented with heat-rays, phenomena 
perfectly analogous to those of light. A closer examination showed 
farther, that the heat was unaffected as to its intensity and quality, 
in whatever direction it might pass through the cale-sj)ar. 

Knoblauch(2) proved the inflection of heat-rays, by preparing 
a linear heat-source with a hcliostat and a cylindrical lens, from 
w'hich he passed the rays through a narrow crevice, behind u hich he 
determined the field, over which the heat-rays were spread, by means 
of a linear therrao-pilc. This field was alw'ays greater than that due 
to its ‘propagation in straight lines. The difference was the more 
considerable. Firstly, the farther from the slit the measurement was 
taken; Secondly, the narrower the crevice through which the rays 
passed; Thirdly, tlic greater its distance from the source of heat. 

Fizeau and Foucault(3) have proved the interference of heat- 
rays in the reflection-fringes; in the spectra with dark spaces, 
which are obtained by prismatic decomposition of the colours of 
crystalline laminae in polarized light, and lastly, in the diffraction- 
fringes produced by a rectilinear edge. The interference-stripes 
of heat coincide with those of light, and appear in the whole 
extent of the heat-spectrum. These physicists made use, for their 
experiments, of an extremely delicate alcohol thermometer, whose glo¬ 
bular bulb was of no greater diameter than I”*"*!, on which, however, 
PC. occupied a length of 8™”*, so as to admit of the heading off even 
^-,V„th of a degree. In passing thi’ough the middle reflection-fringes, 
the thermometer indicated 20‘9; 35’9; 20*0 divisions. 


(1) Pogg. Ann. LXXIV, 177. 

(2) Ibid. 9; Iiistit. 1848, 139. 

(.3) Conipt. Rend. XXV, 447, 485; Pogg. Ann. LXXIII, 462. 
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KINETICS. 

(SCIENCE OP MOTION.) 

On Forces In general.— Grove has published a pamphlet(l) 
“ On the Correlation of Physical Forces/’ of which a summary, trans¬ 
lated by Louyet, has been communicated to the Belj'ian ‘^llcvue 
Scicutifique/’ from which it has passed into the ** Institut”(2). Its 
leading notion, that each of the following forces, motion, heat, 
electricity, light, magnetism, and chemical attraction, can be con¬ 
verted into all of the others is not altogether new, and perhaps the 
author has not supported his position with all the materials w'hich 
were at his disposal; and there still remains a difficulty in repre¬ 
senting the facts connected with latent heat as phenomena of motion. 
Grove thus describes an experiment devised by himself to prove the 
conversion of liglit into the other modes of force. A prepared 
Daguerreotype plate is eneloscd in a box, filled with water, having a 
glass front with a shutter o^er it: between this glass and the plate 
is placed a gridiron of silver wire; the plate is connected with one 
extremity of a galvanometer coil, and the gi idiron of wire with one 
extremity of a Breguct’s helix; the other extremities of the galvano¬ 
meter and helix are connected by a wire, and the needles brought to 
zero. As soon as, the shutter being removed, a beam of either day¬ 
light or the oxy-hydrogen light falls on the plate, the needles arc 
deflected, ju’oving that chemical action, electricity, magnetism, heat, 
and motion, arc elicited by the light.—^Among some philosophical 
considerations of the essential nature of physical causes, and of the 
imperfection of technical nomenclature, this essay contains soTiie 
unusual notions, for instance, concerning the cause of light, which 
Grove attributes, without recourse to an ether, to the vibration of 
material particles, an opinion, which is scarcely supported by the 
instance adduced of the dependence of the optical properties of 
substances on their structure, and would entail the difficult inference 
that space must be filled with material particles. Grove very justly 
- remarks, that the next problem connected with the correlation of the 
physical forces must be the numerical determination of their equiva¬ 
lents. Towards the solution of this we have as steps, the expression 


On ■ 

forces In 
general. 


(1) Oil the Corr. I’hys. Forces, the substance of a course of lectures delivered in the 
London Institution, Lond. 1846; Phil. Mag. [a] XXXI, 67^^ 

(2) Institiit. 1848, 154, 162, 169, 176. 
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On 

forces In 
g^eneral. 


of the mechanical equivalent of heat by Joule, and of the relations 
of the magnetic forces by Gauss and Weber, and the measurement 
of the electro-chemical equivalent of water by Weber. 

Researches in a similar direction have been published by 
Haughton(l) and by Goodman(2). Matteucci(3) has instituted 
a scries of experiments, which seemed to entitle him to conclude, 
that the imponderables—heat, light, and electricity,—are develo[)ed 
in chemical processes in quantities independent of each other, so 
that the amount of the first sustains no alteration by the simulta¬ 
neous appearance of a second or third of them. 

Theory of ]|[attcr. —Ellis(4<) has communicated some remarks to 
the Cambridge Philosophical Society, in which, acknowledging that 
chemical processes cannot, as yet, be explained mechanically, he 
suggests a new principle of causation, which he calls (force)^, bearing 
the same relation to force that force does to velocity; the analogy 
of which Icads.him further to the kinematical conception of (fbrct!)S 
.... (force)”, &c. 

equilibrium of Solids.— Be Saint-Vcnant(5) remarks, in a 
treatise on the equilibrium of solid bodies, that the formuhe of 
molecular mechanics have hitherto always been founded on the 
hypothesis, that the distance of two molecules in magnitude, as 
well as in direction, is subject only to very small alterations. If 
metallic ribands, or rods, are bent so as to bring their ends into 
contact, or arc wound spirally, this hypothesis is no longer admis¬ 
sible. Saint-Venant developcs new formula;, on the assumption, 
that the ratio of the distances of two molecules, before and after 
the displacement, differs very little from 1. Firstly, Let d„ dy, d^, 
be the increments in length of three material lines, which lie perpen¬ 
dicularly to each other, in a point M of the material b^dy, and paral¬ 
lel to the coordinates x, y, z; and Secondly, let g,^, g,*, g,y, be the 
small increments of the right angles; then for a displacement q, f ; 


dx 


dg dg^ + dq^-f-dC^ 
dx 2dx^ 


and 




^ ^ , / dg d| di? di? d<r d^ \ 
dz dy Vdy dz ^ dy dz dy dz/ 


(B Phil. Mag. [3] XXX, 437, 502. 

(2) Transactions of Manchester Lit. and Phil. Soc. Vol. VIII; Phil. Mag. [3] XXXIf, 
172. 

(.3) Arch. Ph. Nat. IV, 381. 

(4) Phil. Mag. [3] XXXIII, 393. 

(5) Compt. Rend. XXIV,%0. 
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and in these expressions the second members vanish under the 
hypothesis before laid down, that rj, C small. The increment »<»nds. 
of another right line, which makes angles o, y with the co¬ 
ordinate axes is 

D -= dx cos'^ o dy COS^ /3 + de cos- y + gyz COS j3 cos y + gxa COS o COS y + gxy COS a COS j3. 

Saiiit-Vcnant has deduced from this formula results for some 
simpler cases.—Concerning the resistance of torsion, offered by a 
prism of rectangular section, Saint-Venant remarks, that, formerly, 
this had been falsely stated as proportional to the moment of inertia 
of the section. lie adds, that Cauchy had already found that for 
equal moments of inertia, the resistance to the torsion was less, the 
more unequal the sides of the section, and also, that the section which 
before had been a plane, became warped by the torsion, like the sails 
of a windmill, being still bounded by right lines. Saint-Venant 
now' finds, that the plane section suffers yet a further flexure, so 
that the curved surface stands at right angles to the four spirally 
twisted edges, and that the bounding edges are curved. An 
experiment with rods of caoutchouc confirmed the theoretical result. 

With this likewise agree the experiments of Du lean on the difference 
of resistance, in cylindrical, and in square-based prismatic rods, with 
the same moments of inertia of section. Let 2 h and 2 i be the sides 
of an elongated parallclopipedon, let G = ^ E, (E being the cocfficieut 
of elasticity), (G co'rffic. d’elasticity de glissement), and lastly, let d 
be the angle of torsion for the unit of length; then, according to 
Sairit-Venant(l) the moment of torsion 


M = i®G.dhi» 


...1024 1 
h*—- 

TT® 


3 ^rh- 


irh ^ 3 ® 


-1 -f e 


when h = i, then the prism has a square base; and 

TVT A 0 41 8Gdh^ 

M = 0*841 . —— 

O 


““ when i is very small in respect to h ; 

M = yGhdi» 

as also Cauchy had already found.—A cylinder with circular base, 


(1) Compt. Rend, XXIV, 485. 
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of whose section has the same moment of inertia, as the prism in tlie 
solids, mentioned case, presents a moment of torsion M = “ (rdh'*. 

While the calculation gives a ratio 0*8 41, it appears from the 
experiments of Dulcau on iron rods to be 0’85, from those of 
Savart on copper rods 0*82. 

Saint-Veuant(l) calculates the moment of torsion, for a 
cylinder with elliptic base, 

M=G d . ^ 7 where u'=-^h P, and a = -^If’ i, 

p 4- 2 '2 

h and i being the axes of the ellipse. He finds, that the elliptic 
sections assume by the torsion tlic form of an hyjierbolie ])ara- 
boloid. 

On the Elasticity and Comiiressiblllty of Nollds.—The 

theory of elasticity leads to some results which are especially suited for 
experimental confirmation. Thus, for instance, the jiropositiou that if 
a rod or cord is slightly increased in length by a force of traction, it 
also increases in volume in such a manner that the increment of the 
unit of volume amounts to half as much as that of the length-unit. 
Werthcini(2) finds the experimental corroboration of this jiroposi- 
tiori by Cagniard-Latour to be insufficient; experiments with 
rods of caoutchouc, as xvell as with cylindrical tubes of brass and of 
glass, (whose alteration in volume was measured in capillary tubes 
cemented into the top,) have shown the increase of the volume-unit 
to be nearly equal -J of that of the unit of lepgth. Let ir be the 
force of the thrust or strain, c the linear extension in th(‘. direction 
of this force, v the alteration of volume, k and K the coefficients of 
linear and cubic compressibility or expansibility, then the fundamental 
hypothesis of Cauchy, concerning the elastic actic^, is expressed by 
the equation tt = k. e -f K. v. Hence, for a cylindci', on wlu)se 
convex surface no force is acting, while a thrust or strain bears on 

k 

its base surfaces, Cauchy deduces the equation v == £ •—- ^ and if 

according to the result of the experiments, w^e make v = ] e, this 
gives k = K, therefore ir = k (c-fu). If we substitute these values 
in the general equations of equilibrium and motion, we now obtain, 
for certain special cases, formulae different from those based upon 
the former hypothesis, that v = ^] e, or k = 2K. These formuljc, 

(1) Compt. Rend. XXIV, 817. 

(2) Ann. Cli. Pliys. [3] XXIIl, 52 ; Compt. Rend. XXVI, 206 ; I’ogg. Ann. l.XXIV, 
1.50. 
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applied to Begiiault’s experiments on the cubic compressibility of 
shells of solid matter, give the following confirmation : soiiih. 


Shells. 

Cubic compressi- 

Coefficient of elasticity in kilogr. for 

1 square millim. after 

bility for 1 aUn. on 
1 stpiare centim. 

the old 
formula. 

the new ' 

I 

formula, j 

the increase 
of length. 

Copper glohe, . 

0-0000013377 

11550 

10266 1 

10519 

Itniss globe 

0*0000014788 

10417 

9287 1 

1 9277 

Class cylinder with hemis- 
])hericiil ends. 

0-0000022897 

6748 

5998 

1 

, 6010 


The relation u = f combined with Cauchy^s mathematical 
dednetions, leads to an equation, which is satisfied by the assumption, 
that the molecular attraction is inversely proportional to the \4ith 
power of the distance of two molecules. Lastly, too, it follows, that 
the velocity of sound in an infinite mass is to that in a thread of the 
same substance as v' if : 1. 

Elasticity and Nolldlty of dldTcrciit Glasses. — Chcvaiidicr and 
Werthcini(l) have measured the elasticity and solidity of various 
sorts of glass. Jfieecs of 1—2 metres in length, cut from rods which 
had been drawn out to 10—12 metres, gave for the velocity of sound 
very tlisercpant results. Indeed they wore never concordant until 
the rod-! were annealed and very accurately worked into prisms 
of squai’ii section. Window-glass gave a sound-velocity between 
16*58 and 16*76; plate-glass 15*70—16*02. Besides these two 
sorts, flint-glass and ciystal-glass were also examined. The following 
table contains some of their results. 


Window-glass 

Plate-glass .... 
Colourless flint-glass . 

WHiitc or coloured crystal-glass 


Coefficient of 
ftlaslieity, 
from the sound- 
velocity. 

7017 

7015 

GS90 

5477 


Cohesion in kilogrm 
for 1 square millim. 
of section. 

1*400 

1002 

0-6G5 


The density of the glasses increases somewhat by annealing, as also 
does the cocfiicient of elasticity. The measurement of the elongation 
gave for the latter smaller values than did the measurement of the 
nunihcr of vihiatioiis. The comparative elasticities of the glasses arc 
parallel with their relative hardnesses. These properties are least 


VOL. 


(1) Ann. Ch. Phys. [.H] XIX, 129, 252. 
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Klastlcity 
.iitil solid¬ 
ity of (lit- 
ferfiit 
gliisses. 


in the that contain lead ; in sucli us contain no lead they 

are weaker if they contain hut little lime and a comparatively largo 
])roportiou of silicic acid. 

]!»lctfiiaiilval Proiierilcs of WooiIh.—C lievandicr and Wcrthciin(l) 
have also again tested the mechanical properties of the woods in 
ordinary use, which, since the time of IMuschenbrock, have been 
so often examined; and this, by comparing not only the several 
species, but also the same sorts of Avood at differeiit ages; the 
upper and lower parts of the trunks; the exterior and the inner 
parts of the timbers, in the form of thin laths and planks, as avcU 
as of beams, in the green state and in Aarious stagi*s of dryness. 
Hods of square si'Ction, 10""" in thickness and 2"' in length, were 
])re])arcd, being cut in the direction of the tibres, and the vi'locity 
of soAind in them was determined by the longitudinal vibrations, 
their elasticity from their increase in length, and their cohesion by 
loading them to the point of rujrtnre. Small rods AVere cut in 
planes perpendicular to the fibre-grain, (in directions radial and tan¬ 
gential to the rings of groAvth,) and their elasticity and sound- 
A'cloeity Avere measured by the lateral vilirations. It was thus 
again established, that the coefficients of elasticity, as deduecd from 
the vibrations, come out higher than those derived from the elonga¬ 
tions. For the special results and inferenecis Ave must refer to the 
memoir itself, from Avhieh we select only the following : 


X.mics of thn 

Dun- 

Sonnd-vclocilj. 

(’ocfliuiciits of 

daslicil V. 

■ 


(.'oUcsioti. 

woods. 

&ily. 

1,. 

It. 

T. 

L. 

n. 


L. 


T. 

Acacia . . 

0-717 

1 1-19 

_ 

_ 

1261-9 



7-9.3 

_ 

_ 

Kir . . . 

0- I'.rj 

i:i-96 

8-05 

4-72 

111.3-2 

94-5 

3^-1 

1-18 

0-220 

0-297 

Ilornbcani 

n-7.'>ii 

11-80 

10-28 

7-20 

1085-7 

208-1 

103-1 

2-99 

1-007 

0-618 

Pircb . . . 

0-812 

i:t-.i2 

6-16 

9-11 

997-2 

81-1 

155-2 

1-30 

0-823 

1 -063 

Poeeb . . . 

I’cdnncnialcd 

0-H2:i 

10-06 

11-06 

8-53 

1 

980--1 

269-7 

159-.3 

.3-57 

0-885 

0-752 

oak . . . 

0-808 


— 

1 

977-8 

— 

- 

6-19 

— 

— 

Ilulni-oak 

0 872 

11-58 

9-21 

'7-76 

921-3 

188-7 

129-8 

5-66 

0.582 

0-106 

nine ri‘. 4>ylv.l 

0-5.59 

10-00 

8 53 

'4-78 

561-1 

97-7 

28-6 

2-48 

0-256 

0-196 

Sj caniorn . . 

0-(i92 

i:i-i3 

9-02 

6-85 

1163-8 

131-9 

80-5 

6-16 

0-522 

0-610 

A^ib . . . 

0-697 

1 1-05 

8-39 

7-60 

1121-1 

111-3 

102 0 

6-78 

0-218 

O-lUB 

Alder . . . 

0-601 

1.3-95 

8-25 

6-28 

1108-1 

98-3 

59-1 

4-51 

0-329 

0-175 

Asjicn . . . 

0-602 

15-;U) 

9-72 

5-18 

1075-9 

107-6 

43-1 

7*20 

0-171 

0-111 

jMaplo . . . 

0-67 1 

12-.36 

9-26 

6-23 

1021-1 

157-1 

72-7 

3-58 

0-716 

0-371 

I’oplar - . 

0-177 

12-89 

8-11 

, 6-32 

517-2, 73-3 

.38-9 

1-97 

0-116 

0-211 

[■:ini . . . 

— 

— 

R-56 

'6-11 

- 

122-6 

6.3-1 

— 

0.315 

0-3C6 


(Ij Couipt. Iltnid, XXIll, ; I’ogg. Ann. Prgiiii/. ltd. 11, tSl ; tdso a Itcporl 
llu'ipon by Progniari, llcgnniilt, and Poncrlcl, Coinpl'. Rpiid. XXIV, 537. 




KINETICS. 


99 


L refers to the rods cut lengthwise with the grain; these were 
dried to 20 per cent of moisture; K to those cut in a direction radial^ 
and T to those tangential, to the annual rings. 

Klastlclty anil ColicNion of the Tlssnes of the llnnian noily.— 
Wertheiin(l) has further examined the elasticity and cohesion of 
tin; bones, sinews, muscles, nci’ves, arteries, and veins of the human 
body, lie found the cohesion in kilogrammes for 1 square millimetre 
section. 


Tissues. 

Sexes. 

Tears 
of age. 

Specific 

gravity. 

Coerticient 

of 

elasticity. 

Cobesion. 

Hone, Femur . I 

F. 

21 

1-908 

2181 

0-87 

„ Tihia . 

F. 

21 

1-910 

2710 

10-26 

„ Fcimir. 

M. 

.30 

1-984 

1819 

10-50 

„ Tiltia . 

M. 

30 

1-997 

20.59 

15-03 

,, Femur. 

F. 

00 

1-849 

2121 

0-40 

„ Tihia . 

F. 

00 

1-799 

— 

3-30 

„ I'einur . 

M. 

;i 

1-087 

2038 

7-30 

„ Tihia . 

Af. 

71 

1-947 

— 

4-34 

I'eudoii of x’lantaris longiis . . . 

F. 

21 

1-115 

104-71 

10-38 


M. 

35 

1-125 

1.39-12 

4-91 

„ „ nexor pollieis longuis . . 

M. 

35 

1-132 

128-39 

— 

rt »t 9 f tt sligllt- 

Iv dried 

M. 

35 

1-132 

183-44 


fT >1 tf per¬ 
fect K dried . 

M. 

35 

1-132 

180-85 

111 


M. 

to 

1-121 

131-78 

7-10 

>♦ 99 ft 

F. 

70 

l-lll 

109-21 

.5-01 

9f 99 91 1* 9) 

M. 

71 

1-10.5 

200-50 

5-.39 

Muscles, tiurloriiiii . 

M. 

1 

1-071 

1-271 

0-070 

99 99 • . 

r. 

21 

1-049 

0-857 

0-010 

ft *9 

M. 

30 

1058 

0-352 

0-026 

99 99 . 

I<\ 

00 

1-010 

— 

— 


M. 

74 

101.5 

0-201 

0-017 

Nmes, ner\us popliteiisintcrnus . . 

F. 

21 

1-038 

— 

0-709 

„ nervns ischiaHens .... 

F. 

21 

1-030 

10-053 

0-900 


M. 

35 

1-071 

23-943 

0-963 

„ tibialis posticus . 

M. 

35 

1-010 

— 

1-959 


M. 

40 

1-Otl 

20-127 

1-300 

„ nervns iscbiaticus .... 

F. 

00 

1028 

13-517 

0-800 

„ ncr\ us cutanciis suras . . . 

F. 

70 

1-0.52 

23-878 

3-530 

„ iiorviis iseliiatieus .... 

M. 

71 

1-014 

14-004 

0-590 

„ tibialis x'ostieus. 

M. 

74 

1-011 

32-417 

— 

„ uer\ us sajihciius externns . . 

M. 

71 

1-050 

— 

— 

„ dried 

M. 

74 

1129 

164-20 

9-40 

Artery, Femoral. 

F. 

21 

1-050 

— 

0-1103 

f> 99 * . 

M. 

30 

1-014 

0-052 

f'-1660 

.. „ rcartilagiiioiis . . . 

F. 

70 

1-08.5 

0-844 

u-1070 

Veuis, vena fcmoralis. 

F. 

21 

1055 

0-0969 

„ vena snpbena interna . . . 

F. 

21 

1-018 

— 

0-3108 

F 

70 

1-019 

0-H83 

0-149Q 


Meclmni- 
i-iil |>rop«.‘r- 
ties of 
woods 


(n Ann. Ch. Phys. [3] XXT, 385. 
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Elasticity 
and cohe¬ 
sion of the 
tissues of 
the liumau 
body. 


From Wcrtliciiti^s experiments it appears,—that, Istly, the specific 
gravity of tendons, muscles, and veins decreases with the age of the 
subject, while, on the contrary, that of the arteries increases, in conse¬ 
quence of an ossification of their avails; 2ndly, the bony structui*es 
become elongated almost in exact proportion to the strain upon 
them, as do inorganic bodies and woods, while, on the contrary, the 
soft parts of the body are elongated at first in a greater ratio, 
and only under a greater weight does this relation become one of 
direct proportion; 3rdly, the coefiieients of elasticity of the bones, 
tendons, and nerves, seem to increase with the age, those of the 
muscles, however, to dimmish considerably ; Ithly, the cohesion of all 
the tissues decreases with increasing age ; fithly, the nervous trunks, 
have, for equal seetions, less solidity than their branches, which again 
have less tlian their libres, so that the solidity of nerves seems to 
inercasc as their thickness diminishes ; Gthly, if the several tissues are 
arranged according to the magnitude of their coefficients of elasticity, 
or according to their cohesion, in cither case, the following sm ies is 
obtained, bones, tendons, nerves, muscles, veins, arteries; 7thly, the 
elasticity and cohesion of each and all arc increased by drying. Tlie 
experiments w^ere made three or four days after death. For fresh 
muscles, the coefficient of elasticity semns to be about ]’15 times, and 
the cohesion 1*14 times, gi-cater than the numbers given in the 
table. 

nclatlou between the Elasticity and Fuslon-llcat ot‘ Solids.— 

Pcrson(l) remarks, that a close a])proximation to a proportionality 
is recognised as existing between the coefficients of elasticity of 
many solid bodies and their latent fusion-heat, as shown by the 
comparison of zinc with tin, with lead, and with bismuth. lie adds, 
that we have still greater reason to infer such a relation as existing 
between the latent fusion-heat and a function of^thc coefficient 
of elasticity, expressing the power that is requisite, so far to 
alter the cohesion of the molecules, in the unit of weight, as is 
necessary to induce the transition from the solid to the liquid state. 
Taking a pubc of the unit-weight (1 grm.), and or as the elongation 
of its side, when the cohesion is resolved; assuming farther the 
straining force s to be proportional to the elongation up to this point, 

then is the force expended ds. ks = ^ k <7 lict p be the 

specific gravity, q the coefficient of elasticity, 1000 q the number of 


(1) Ann. Ch. Phys. [3] XXIV, 265 ; Compt. Rend. XXVII, 258; Tnslit. 1848, 299. 
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graiiimes necessary to stretch a rod of 1 square millimetre section to 

twice its length; then — is the volume of the cube, the section 

P pi 


m 


square millimetres, and grm. produce an elongation 

p^ 

of 1 c. m. (the assumed unit of length).—Let S be the value 

g 

of (T, which corresponds to the unit of length, then or = —j,and 

pj 


For two 


the power employed = ^ ^ ^ in kilogrammetrcs(l). 

metals thou, we have SA ; = 1:1 where 1 represents the 

P Pi 

latent fusion-heat. Person found that the results agree with those of 

§3 S3 

observation, if we assume the equation —— 7 — =-- , from 

' ^ p + 2 V p Pi + 3 Vpi 

( 2 \ /I “h 2 \ 

1 + "^py • y — 1 • ^i- 

This formula is confirmed in the cases of zinc and of lead, (5*28,5‘23); 
for tin and lead (2’12, 2’G5); for zinc and d^ArcctLs alloy (3'92, 
3'68); lilunvisc for cadmium and silver. The coefficients of elasticity 
of these two metals were determined by AVer the im with very great 
accuracy. Calculation gives the latent fusiou-hcat for cadmium 
13'.52; Person’s measurements gave 13'60. For silver the formula 
gives 20-38, experiment 21*07. 

Equllllirluiii of lilqnids. Tlicir CimiiireMKlbllity, —In the older 
experiments on the C(jmpressibility of liquids there is a want of 
accuracy, arising from this, that the correction for the com¬ 
pressibility of the walls of the vessel was founded on arbitrary 
assumptions. llegnault(l), therefore, arranged his experiments 
on the compressibility of water in glass and brass vessels, as well as 
on that of mcrcui*y in a glass piesometer, in such a manner, that the 
alteration in volume of the substance of the containing vessel could 
be simultaneously deduced from them. The compression was 
elFectcd, not by a screw, but by compressed air, which presents the 
great advantage, that the power ajiplicd can be graduated with the 
greatest nicety, so that a permanent change of form in the piesometer 
is not so much to be feared. In five successive experiments, the 


Helatloti 
between 
the elas¬ 
ticity and 
fusiou- 
hcat of 
aoiida. 


(1) 1 kilogranunetre = the force required to raise 1 kilogrm. through a lieighi of 
1 metre. 

(2) Kclatiou, &c. (p. 52), 429. 
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bnYm of piesomcter was exposed, as follows: Istly, without and within, to the 
liquids, atmospheric pressure; 2ndly, without, to a stronger, within, to the 
preM^bu atmospheric pressure; 3rdly, without and within, to an increased 
pressure; 4thly, without, to the atmospheric, within, to the higher; 
and 5thly, to the same pressure again as in the first case.—Hence, 
three equations were always obtained, of which two served to determine 
the compression of the liquid and of the vessel, and the third to 
check the results. The formula; arc developed by Lam4 foi^* l«tly, 
a spherical shell; 3ndly, a cylindrical shell with plane; and 3rdly, a 
cylindrical shell with spherical ends. Let and k rejiresent the 
cubic compressibility of the liquid and the solid; V and U the 
volumes of the fluid contained in the picsoraeter of the 1st and 2nd 
forms respectively; N and M, the ratios of these volumes to that of the 
solid mass of the piesometer, the appai’cnt diminution of V and 
U by an excess of pressure from within represented by V; and 
their apparent increase respectively under simple external, and under 
external and internal, pressure; then, according to liame: 


Tor a spherical shell. 




For a cylindrical shell ^vith 
plane ends. 


kP = 


1 


lid' 


U 8(M + 1) 

— y 




For a cylindrical shell >\ith sidierical 
ends. 


k P = 


y 


pp = 


-J(M + l)U -h ^(N + l) V 
y' = 

1 • S' 


U + V ■ !|(M-H)U+'J (N + 1) V 


For w^atcr Rcgnault obtained the following results; under the 
pressure of 1 atmosphere : 



In a copper globe. 

In a brass globe. 

In a glass cylinder, with 
spherical ends. 

p 

0000047709 

0-000048288 

0-00004G677 

k 

0000001317 

0-000001440 

0-0000023G8 


The compressibility of mercury under 1 atmosphere was found 
= 0 00.0003517, under a column of mercury of I"* height = 
0 000004638.—Incidentally to these experiments, Rcgnault found 
that a pressure of 10 atmospheres, acting suddenly on water, did not 
evolve so much heat as to raise its temperature 

Grassi(l) has measured, in Regnault's laboratory, and by 
his method, the compressibility of some other liquids. He found 
for, 


(1) Compt. Rend. XXVII, 153; Dingl. pol. J CX, 31. 
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Distilled water deprived of air. 
Temp. Compressibility under 1 atmos. 

0" O-OOOO'iOSOOl 

10«-8 00000187053 

13 -1 0 0000483777 

15 -5 0 0000477446 

25-9 00000158125 

31-8 00000155727 

43-0 00000441137 

53-3 O'OOOO 113355 


Compressibility 
under 1 atmosphere. 

Solution of NaO, NO. 0"0000.3065G5 
„ „ NaO, COjj 0-0000303294 

Artificial sea-water 0-0000415029 

Saturated solution of CaCl 0-0000209830 

Pressure in metres. Compressibility. 
Ether 2"'-589 0-00011137 

„ 5915 -000 0-00013073 

Alcohol 1 -718 00000824516 

„ 7158 000 0-00008587 


Equili¬ 
brium o I 
liquids. 

Their com- 
prcssibl- 
lity. 


Colladou and Sturm had found, that the compressibility of 
alcohol and of ether diminished under increased pressure. The 
cx])(Tinicnts of Grassi indicate the contrary ; chloroform and acetic 
ether behave similarly. 

Ei|uilibrlum iif GascouslFluljils. Tliclr Coiiiprcsslltlllty. —The 

experiments which have been made to test the truth of the law of 
IMariotte, as applied to cases of high pressures, involve one 
eoinmon source of inaccuracy, which arises out of the considerable 
inllucncc of any error in the determination of the volume, when 
gases have been compressed under high power into a very small 
space. Keguault(l), therefore, so arranged the apparatus whieh 
he used for this purpose, that, in successive experiments, the same 
space of the manometer-tube could be tilled under continually 
increasing pressures, and that the volume need be diminished only 
one half under each increase of pressure. The volumes 1 and ^ 
were marked on the manometer by two strokes. A full description 
of the apparatus, which was set up in the College de France, in a 
tower built specially for Savart^s hydraulic experiments, will be 
found op. cit. pp. 31-1—367.—None of the gases examined followed, 
even under low pressure, the law of Mariotte. Atmospheric air, 
nitrogen, and carbonic acid are more compressible, and hydrogen 
less so, than would accord with the expression for Mariotte's law 

^ - — 1 = 0. If the property of the first of these gases is 

explained by referring it to an imperfectly gaseous state j then for 
hydrogen the absurdity comes out, of a gaseity more than gaseous. 


Vi 

Rcgnault thinks, that — 1 is to be considered as a rather 

• -^1 1 i . • 

complicated function of the pressure and temperature, whose form it 
would be very difficult to discover by experimental methods alone, 
lie calculates formula; of interpolation according to the form 


(1) Relation, &c. (see p. 52),.329. 
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brI (1 m of 
{[aseoui 
n u i cl B. 

Their 

compreBsU 

billty. 


I* 

— = 1 + A (m—1) 4- B (m’ 1)^, where m represents the ratio 

of condensation, r the ratio of pressures, and the coefficients A and B 
the following values: 



Atmospheric air. 

Nitrogen. 

Carbonic acid. 

Hydrogen. 


Sign. 

Log. 

Sign. 

Log. 

Sign. 

Log. 

Sign. 

Log. 

A. 

-- - 

30435120 

- 

4-8389375 

— 

3-9310.399 

+ 

1-7381736 

B. 

+ 

5-2873751 

+ 

6-8176020 

— 

6-8624721 

+ 

6-9250787 


From these formula} we get, for the ratio of condensation m, the 
subjoined pressures: 


in. 

Atiiiospberic air. 

Nitrogen. 

Carbonic acid. 

Hydrogen. 

1 

1-000000 

1-000000 

1-00000 

1-000000 

2 

1-997828 

1-998631 

1-98292 

2-001110 

3 

2-993601 

2-995944 

2-94873 

3-003384 

4 

3-9874.32 

3-991972 

3-89736 

1-0068.56 

5 

4-9794 40 

4-968760 

4-82880 

5-011615 

6 

5-969748 

5-980350 

5-74296 1 

6-017676 

7 

6-958155 

6-972791 

6-6.3985 ; 

7-025102 

8 

7-945696 

7-961112 

7-51936 

8-033911 

9 

8-931573 

I 8-954361 

8-38152 1 

9-044244 

10 

9-916220 

9-913590 

9-22620 

10-056070 

11 

10-899724 

10-931833 

10-05.315 

11-069454 

12 

11-882232 

11-919120 

10-86321 

12-084456 

13 

12-863838 

12-905516 

11-65.541 

13-101144 

14 

13-814670 

13-891052 

12-43018 

14-119504 

15 

14-824845 

14-875770 

1.3-18695 

15-139650 

16 

15-801480 

15-859712 

13-92608 

16-161632 

17 

16-78.3675 

16-942920 

14-64771 

17-185470 

18 

17-762562 

17-8254.36 

15-35148 

18-211230 

19 1 

18-7412.58 

18-807321 

16-03733 

19-2.38963 

20 1 

19-719880 

19-788580 

16-70540 

20-268720 


Kinetics In Rcncral. —Of the contributions on various subjects, 
to the general literature of Kinetics, we adduce the following:—The 
integration of the differential equations of the motion of a material 
point, as well as of the general equations of motion, by Serret(l), 
and by Sturm(2); On the principle of least action, and its appli¬ 
cability, by Bonnct(3) ; Remarks on analogy in mechanics, by 
Bertrand(4 ); On the alteration of the arbitrary constants in the 
problems of dynamics, by Ostrogradsky(6); A paper on the sym- 


(1) Instit. 1848, 173, 183. 

(2) I])id, 190. 

(3) Ibid. 184. 


(4) Compl. Reiitl. XXV, 163. 

(5) Petersb. Acad. Bull. VTI, 113. 
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bolical equation of vibratory motion in an clastic medium, whether 
crystallized or uncrystallized, by 0*JBrien(l); A calculation, accord¬ 
ing to the Newtonian law of gravitation, of the force by which the 
molecules arc kept together, and by which they arc brought together, 
on precipitation from solution, by Seguin(2); On the motion of a 
system of particles, of which each consists of several molecules, by 
Cauchy(3). Ettingshausen( t) gives an immediate derivation of 
tlic differential equations of infinitely small motions of a homoge¬ 
neous system of molecules, from the general equations of infinitely 
small displacements of the centres of gi’avity of the molecules of any 
one system. 

.uuments of Inertia. —Timmermanns(5) puts forth the follow¬ 
ing proj)osition concerning the theory of the moments of inertia. 
If the ellipsoid of the moments of inertia is constructed about 
every point of an axis which is passed through any body, then the 
axis will be the diameter of all these ellipsoids, and the diametric 
planes conjugate with it all pass through one right line, that of 
the direction of the impulse, through which no pressure is exerted 
on the axes.—This right line generally lies obliquely to the plane 
which passes through the axis and the centre of gravity. It is per¬ 
pendicular thereto only when the axis is, relatively to one of its points, 
the principal avis of the moments of inertia. In the ease of 
oblique position, an impulse exerts along the eommon line of inter¬ 
section no pressure at all upon the axis, but produces an action in 
the direction of tlie axis itself. 

]i]ution Ilf Moiia Bodies: of Projectiles.— Bidion(6) publishes 
an extract from a treatise on the true path of projectiles. The 
analytical solution of the pi*oblem gave results, not in strict accord¬ 
ance with all the earlier observations, of which Bidion gives a 
summary. Bidion has, therefore, illustrated the thcoiy of balistics 
by a new set of calculations, in which he assumes the resistance of 
the air as proportional to two terms, which contain the second and 
third power of the velocity. Ilis results agree very accurately with 
the mean values of the measurements made in 1811 and 1846 at 
Metz. He accounts for the discrepancies observed in the ranges 
and in the paths of single shots by certain disturbing forces, which 
arc stated to act together with gravitation, and with the resistance of 
the air, which, however, he fails to specify more clearly. 

(1) Phil. Mag. [3] XXXI, 3/6. (1) Conipt. Rend..XXIV, 801. 

(2) Compl. Ucml. XXVll, 311. (5) Inslit. 1848, 42. 

(3) Ibid. XXIV, 111. (6) Conipt.Rend.XXVII,495; instit. 1848,113. 
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Coefflclents of Elasticity and notary Oscillations.— The coefficients 
of elasticity, as deduced from the rotary oscillations, always came out 
less than those determined by direct observation. This is true of the 
experiments of Coulomb, calculated by Biot, as well as for those 
of Duleau, Savart, Bevan, and Giulio.—Werthcim(]) has 
altered the general equations of the equilibrium, and of the motion 
of clastic bodies, so that while the relation between the coefficients of 
elasticity and the longitudinal and lateral vibrations remain the 
same, that of these coefficients to the oscillations of torsion are 
modified. Let n and n' be the number of longitudinal and torsional 
vibrations of the deepest tone, which is given by a rod fixed at one 
extremity; then, for a cylindrical rod, we have, according to 


Poisson^s foiTOula; 


n 

“7 

n 



I'.'iSll; according to Wer- 


theim's formulse 


n _ /8 

n “ V 3 


1-6330. 


Savart, by experiment, has found this ratio to be = 1-6668, 
Wertheim = 1-6309. 


Kirchoff(2) communicates a note on the theory of equilibrium 
and of the motion of an clastic jilate. 

Motion of Liquids. Their Velocity of Flow from Narrow Tiilics. 
—Poiseuille(3) has found, in some earlier researches on the 
velocity with which wate,r and idcohol flow from narrow tubes, that 
this velocity is proportional directly to the pressure, and inversely 
to the length of the tube, provided that this length does not fall 
below a certain limit, which increases and diminishes with the 
diameter; while, for shorter tubes, the velocity rises rnorc ra[»idly 
than the pressure. He found, farther, that all other conditions 
being the same, the quantity discharged is propo^ional to the fourth 
power of the diameter of the tube. Let the quantity of liquid 
flowing out be represented by Q, the pressure by a water-column 
of height H, the diameter of the tube by D, its length by L, then 
H .D^ 

Q = k —^—, where k is a coefficient dependent on the nature of 
h 


the liquid, and which increases rapidly with the temperature. 
Poiseuillc found, for water of the temperature t: 

Q = 183-6721. (1 + 0-0336793t + 0-00022099361=) 

L 


(1) Instil. 1848, 397; Ann. Ch. Phys. [3] XXV, 209. 

(2) Compt. Rend. XXVII, 394. 

(3) Mum. dcs Savans utrang. IX j Ann. Ch. Phys. [3] VH, 50. 
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The experiments with alcohol, and with mixtures of alcohol and 
water, gave the rernarkahle result, that alcohol flows more slowly 
than water; farther, that absolute alcohol of specific gravity 0*8000, 
and a mixture of 1 part, by weight, of alcohol with 17 J of water, 
having a specific gravity 0*9893, flowed with nearly equal velocity, 
while a mixture of almost equal parts by weight of the two liquids, 
having a specific gravity 0*9300, required double the time to escape. 
This, according to lludbcrg, is the mixture of maximum conden¬ 
sation. • 

Poiseuille convinced himself by experiment, that the velocity of 
the flow of liquids was equally altered by the admixture of sub¬ 
stances soluble in them, whether they were conducted through solid 
tubes of glass or of metal, or through tubes of organic substances, 
as, for instance, the capillary tubes of animals: he then undertook(l), 
for the service of physiology, a detailed inquiry into the acceleration 
or retardation, to w'hich the flow of water through narrow glass tubes 
is subject, when the salts, acids, and bases found in the liquids of the 
animal body arc mixed with it in quantities as small as those in which 
they are there present. This small addition of foreign substances 
to the water distinguishes the experiments of Poiseuillc from some 
similar ones instituted by Girard in 1817, in which these substances 
were employed in the proportions of j, or even i. The following 
tabh s contain Poiscuille^s results. The salts arc arranged according 
to their acids, which seem specially to influence the action. 

The letters re})resent as follows — 71, C, 77, JS, F, dificrent tubes 
used in the experiments: L the length, and d the diameter, 11 the 
pi-essurc in millimetres of water-column; T the temperature, P the 
parts of the substances, added to 100 parts of water; P the time of 
flow in seconds. The numbers in larger type are the times of flow of 
pure water. 


Substances. 

1>. 

F. 

Substances. 

r. 

F. 

U. L = 04 ; d=0'219l6; lU 

= 1000; 

B. L--=64; d = 0-24946; II 

1000; 

T = 11"*G. 


T = ll‘'*6. 




568*3 




Iodide of potassium 

01 

5070 



569*5 


0-2 

566-7 

Iodide of sodiuiu . . 

0-4 

569-6 


0*4 

565-6 


2-0 

569-8 


0-8 

563-5 

JF FI • • 

10-n 

570-0 


20 

557*6 

IF If • • 

20 0 

577-1 


100 

530-4 



568*3 


200 

505-7 

loditie. 

satiir. 

56H-7 


500 

474-9 

Iodide of u'on . . . 

2 

568-2 


(l) Ami. Ch. l’h>b. [3] XXI, 7G. 
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Substances. 

P. 

F. 

B. I 

, = 6t; d=-0-2494G; 11 = 

=1000; 


T = 11H. 


Iodide of potassium 

10 

568-5 

Liromide of potassium . 

0-4 

565-8 

Vt 

II 

2-0 

560-0 

If 

•1 

100 

537-6 


T = ll«-2. 





575-8 

Nitrate of potassa . . 

0-1 

574-5 

II 

II • • 

0-2 

573-5 

II 

If 

0-4 

571-1 

II 

II • • 

1-0 

561 -5 

II 

II • 

10-0 

.541-2 

II 

II • 

20-0 

5.33-3 

Nitrate of ammonia 

1-0 

569-1 

II 

II 

10-0 

531-1 

II 

soda . . . 

1-0 

575-9 


II • • • 

10-0 

592-4 

>1 

lead . . . 

1-0 

577-8 

11 

ai • • • 

1-0 

582-9 

II 

strontia . . 

1-0 

578-8 

• 1 

II • • 

4-0 

.586-7 

• 1 

lime . . . 

1-0 

.581-2 

II 

ft • • • 

10-0 

623-6 

II 

magnesia 

1-0 

583-2 

♦1 

• 1 • * 

10-0 

611-7 

V. L 

= 37 ;d=0-19495; 11 = 

1370-8 ; 


T = ll"-2, 





741-5 

Nitrate of silver . . . 

1-0 

710-9 

If 

II • ■ • 

lO-O 

711-0 


B. H = 1000. T = Il''-9. 




565-0 

Chloride of potassium . 

1-0 

560-8 

II 

II * • 

10-0 

511-8 

II 

ammonium 

1-0 

560-9 

II 

If • 

2-0 

556-5 

II 

If • • 

10-0 

.5.35-8 

II 

sodium 

1-0 

569-4 

II 

If • • 

10-0 

640-3 

II 

calcium 

1-0 

571-2 

II 

If • • 

10-0 

620-7 

II 

magnesium 

1-0 

574-9 

II 

II • • 

10-0 

616-8 


B. 11 = 865-1.— 

r=ii''-2. 




608-5 

Protochloride of mcr- 



cury 

. 


607-8 

11 

saturated so- 




lutioii . . . 

10 

608-1 


. 

20 

607-9 


Substances. 


P. 


F. 


B. 11-100; T = ll‘' ‘2. 

Hydrochloral e of mor- j 

phinc.I I •2.') 

„ „ slrjchnine I 1'4 


575-8 

.'•89.8 

5900 


T-12''7. 

Cyanide of potassium 

* 

mercury 




Pure serum 


In serum; 


T = n"-2. 


Sulphate of potassa 


V 

fl 

fy 


ammoiih^ 

yy * 

soda . 

yy • 

magnesia 

yy • 

zinc 

iron (proto) 
morphine . 

T-=r2''-7. 



554-0 

1-0 

.551-6 

4-0 

518-8 

1-0 

.5.58-6 

4-0 

561-3 

— 1 

1014-5 

0 SCI-. 

998-7 

1) scr. 

102.5-3 


575-8 

l-O 

578-9 

4-0 : 

.592-1 

1-0 

582-0 

1-0 

598-9 

i-o 

.590-3 

1-0 , 

606-1 

1-0 

.590-5 

1-0 i 

6.30-1 

2-0 

595-6 

2-0 

609-5 

1-25 

590-3 


Alum . 


I-O 

fl • 


4-0 

Phosphate of potassa . 

1-0 

II 

If 

4-0 

II 

soila . 

1-0 

II 

If • • 

4-0 

II 

ammonia. 

1-0 

fl 

II • 

4-0 


T=ll"-I 


Arseniate 

of potassa . 

1.0 

II 

fl • • 

2.0 

II 

soda . . 

1.0 

fl 

M 

4.0 

Bicarbonateof ammonia 

1.0 

II 

„ potassa 

1.0 

fl 

„ soda . 

l.O 

Carbonate 

of ammonia. 

i.O 

11 

fl 

4.0 

11 

potassa . 

1.0 

1* 

If 

4.0 

♦ 1 

soda . . 

1.0 

If 

11 ■ • 

1.0 


575-8 

592-4 

fi;i2-4 

5«:m 

G02-7 

588-li 

C22-8 

590-2 

C26-2 


575-6 

.583-;i 

590-8 

588-0 

617-3 

580-6 

580-4 

.589-8 

583-8 

602-9 

588-3 

617-0 

592-5 

622-7 
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.Substances. 

P. 

F. 

T = ll»-8. 




566'2 

Oxalate of potassa . . 

1-0 

571-1 

II II • • 

10-0 

020-1 

„ ammonia . 

1-0 

571-2 

II It • • 

4-0 

596-0 

„ soda . . 

1-0 

578-4 

Binoxalate of potassa . 

1-0 

573-4 

li. 1I = 8.}8 ; T 

= 140-1. 1 



620-0 

Acelalc of lead . - . 

1-0 

033-1 

II II • • ■ 

4-0 

053-5 

Jl. 11 = 1000; 1 

110-1. 1 



571-1 

Citrate of iron . . 

2-0 

595-3 

T = ll'>-2. 




575-8 

'I'art ar emetic . . . 

1-0 

581-2 

1* II ... 

4-0 

594-7 

D. L = 10.’j; d = 0-17 

; 11 = 1998-0; 

T=12"-8. 




123'38'‘ 

Acetate of ammonia 

2-0 

122'25" 

B. 11 = 1000 iT-lM. 



564-7 

Solid votassa . . . 

2-0 

579-4 

„ soda .... 

2-0 

011-4 

Conccutratcd ammonia 

10-0 

628.7 

IF IF • 

pure. 

725-4 

T = 110-2. 



1 

574-9 

Hydriodic acid . . . 

1 1-0 

575-0 

II II • • ■ 

, 1-0 

574-5 

Nitric acid .... 

1-0 

57.3-9 

II II . • • • 

3-2 

571-6 

19 -ri * . • . 

8-2 

5733 

T = 110 8. 




566-2 

Solid iodic acid . . . 

1-0 

570-1 

11 II • • • 

3-4 

578-5 


Substances. P. 


F. 


E. L = 27; d=-01.316; 11=2012-2; 
T = 10‘'. 


499 

Hydrocyanic acid . . 33‘.3 489 


F. L = 70 ; d = 0-207 ; 11 = 2039-4 ; 
T = 10«. 


Pure serum . 

100 water to 500 serum . . 

100 hydrocyanic acid to 500 

scrum. 

100 hydrosulpluiric acid to 500 
serum . 

1448 

1277 

1278 

1266 

B. H = 1000; T = ll«-6. 

llydrobromic acid . . 

1-0 

568-3 

569-7 

II II • • 

7-2 

571-4 

Bromic acid .... 

1-0 

509-3 

IF IF • • • • 

3-2 

570-5 

T = ll»-2. 


Hydrochloric acid . . 

1-0 

575-8 

577-3 

If If • • 

2-0 

579-5 

If II • • 

lO-O 

591-8 

II II • • 

20-0 

604-3 

Caihouic acid . . . 

satur. 

580-5 

Artificial Selzer-water . 

satur. 

.584-2 

Solid oxalic acid . . 

1-0 

58-2-9 

FI II • • 

20 

590-6 

•1 II • • 

10-0 

625-7 

Solid phosplioric acid . 

1-0 

582-8 

II II • 

4-0 

603-9 

Acetic acid .... 

l-O 

583-5 

II II • • • . 

10-0 

633-4 

II II . • • , 

pure. 

1315-0 

Solid citric acid . . . 

1-0 

586-0 

If II • • • 

10-0 

682-1 

Solid arsenic acid . . 

1-0 

586-3 

II >1 • • • 

4-0 

618-0 

Arsenious acid . 

1-0 

578-6 

Concentrated sulphuric 
acid. 

1-0 

.589-6 

If M * • 

pure. 

14595-0 

Solid tartaric acid . . 

2-0 

601-1 


Bf o 11 o II 
ot 

liquids. 

Their velo¬ 
city of flow 
from nar¬ 
row tubes. 


It is remarkable that strong doses of iodide of potassium, from the 
temperature 60” upwards, and nitrate of potassa from 40”, retard 
instead of accelerate. — Generally the flow is accelerated by 
iodide, bromide and cyanide of potassium, the nitrates of potassa 
and of ammonia, the chlorides of ammonium and of calcium, and 
acetate of ammonia.—These salts, then, so far'as they do not act as 
poisons, must quicken the circulation of the blood ; and, indeed, 
direct experiments on living horses have decided this for iodide 
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of potassium and nitrate of potassa, and for chloride of ammo¬ 
nium and acetate of ammonia.—Tlie other salts that were tested 
have no influence on the rate of flow. 

All the bases retard the flow; and there seem to be only two 
acids, viz., the hydrocyanic and hydrosulphuric, that hasten it. 

The farther inquiry of Poiscuillc—whether the alterations pro¬ 
duced by the admixture of other substances, in the density, in the 
capillary elevation, in the liquidity, and in the boiling point, whether 
the contraction attending their mixture, and whether the solubility, 
the liability to effloresce, and the tendency to ciystallize, of the 
substances added, stand in any simple relation with the changes 
induced in the rate of flow,—elicited only negative results. A great 
number of mineral waters behave exactly as, according to the 
results here adduced, might have been expected from their saline 
contents. The quantity of salts diminishes the velocity of flow; 
but their action was greatly or entirely neutralized by the presence 
of hydrosulphuric acid, while, on the contrary, it was augmented by 
carbonic acid. 

In the following tables the flowing-rates of such liquids as 
are used for beverages are compared, to which is added the 
influence of various bodies on the flow of the scrum of blood. P 
here indicates the number of parts of the substances mixed with 
1000 parts of the scrum of ox-blood. Tlic other letters corres¬ 
pond to those in the preceding table : 


Substances. 

P. 

F. 

Substances. 

P. 

F. 

U. 11 = 800; 

T=18», 


B. H= 1000; 

1 II 

H 




603-0 



611-3 

Infiusion of black tea(l) 

pure. 

611-5 

Decoction of guai^enm. 

pure. 

612-4 

Infusion of black and 



„ cinchona . 


625-1 

green tea in equal 



99 99 

100 

617-4 

pai-ts. 

pure. 

614-0 

„ marsh-mallow 

pure. 

016-5 

Infusion of green tea . 

pure. 

018-2 

99 99 • 

100 

634-5 


10 

604-3 




79 

20 

606-5 

Ji. 11 = 1000; Tr 

= 110-2 


” >9 99 

33-3 

608-3 



575-3 

99 99 99 • 

100 

610-6 

Serum of ox-blood . . 

P'. 

1048-5 

99 99 H • 

300 

615-8 

Sulphuric acid(2) . . 

0-5 

1057-4 




99 99 • . . 

1-0 

1033-2 

H, H = 1000; T = ll-2 


Citric acid .... 

1-0 

1035-5 



575-8 

y« ff . • • • 

100 

1140-2 

Madeira. 

pure. 

11.34-1 

Acetic acid .... 

1-0 

1041-3 

Sparkling wine . . . 


11.52-9 

99 99 . • . , 

10-0 

1070-7 

,1 (Sillery) . . 

99 

1402-8 

Tartaric acid . . . 

1-0 

1041-1 

Jamaica rum .... 

99 

1831-9 

VI »v ■ . ♦ . 

10-0 

1233-5 


(1) The tea was infused with 60 times its weight of boiling water. 

(2) The acids were diluted previously, thus—the concentrated snlphuric with eiglit, 
ilic cilric, acetic, and tartaric acids with four times their weight of water. 
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Substances. 

1 

F. 

Substances. 

P'. 

F. 

B. II--1000; 1 

'=14'>.5 


Ether. 

2 

1055-5 



535-S 

Alcohol. 

40 

122.3-4 

Ether, pure .... 


lfiO-0 

Ammonia. 

10 

1000-1 

„ 10 to 100 water . 

i 

773-3 


20 

981-6 

Alculiol of 80” (Alco- 



Ether in scrum with 



holoiu.). 


1184-5 

alcohol : : 4 : 1000 . 


14.34-1 

Concentnated ammouia. 


688-1 

Ammonia : do. : : 4 : 



Ammonia with 10 p.arts 



100. 


1179-6 

of alcohol .... 


1320-6 

Ammonia : do. : ; 7 : 



Serum of ox-hlood . . 


1029-0 

100 . 


1141-5 

Ether. 

1 

1038-8 
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Ammonia runs more slowly than water, whose movement it 
retards; it accelerates, however, the flow of serum, pure as well as 
mixed with alcohol. Poiseiiille considers that the effect of ammonia 
as an antidote, in the state of inebriation, is due to this action. 
This author has also examined the rate of flow of the blood: equal 
quantities of the following liquids were found to flow: 



Min. 

Sec. 

Scrum, in. 

. 20 

2.3 

„ containing a small quantity of blood-globules, in 

. 21 

17 

Tlluod, frccfl from fihrine, in .... . 

. 68 

47 


ifiiinilsc from agitated Fluids on Inimcrsrd Bodies. —A paper by 
Saini V’cnaiit(l) has appeared on the theory of the resistance in 
fluids, according to which the paradox of d^Alembert, that a solid 
body immersed in an agitated fluid receives no impulse from it,—or 
that it offers no resistance to the fluid—is refuted, by due considera¬ 
tion of the friction between the fluid and the other body. For this 
paradox is substituted the proposition: a fluid actually in motion 
exerts on a body immersed in it, an impulse equal to the sum of 
the friction between the fluid and the solid, and of that between the 
liquid particles themselves. 

De Caligny(2) describes the result of some experiments on the 
intermittcnce of a jet of water, which escapes cither from an opening 
partially obstructed, or in the midst of several other surrounding 
jets. 

Mution of Fluids generally. —Besides these, the following papers 
have been published on the motion of fluids: On the equation of 
continuity of fluid motion, by Hob son (3); On the motion of^ 


(1) Compt. llcnd. XXIV, 243; Cauchy’s report on two papers by this author, 
mentioned Compt. Rend XXIV. C?."!. 

(2) Inst. 1848, 127. 


(.3) Phil. Mag. [3] XXX, 104. 
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a fluid in a homogeneous medium, by Magnus(l); on the contrae- 
tion of the water-jet, by Hag€n(2). 

The Syphon.— Per8on(3) points out that the problem of the 
syphon, which sucks when only its longer leg has been previously 
filled, is erroneously solved in Peclct's “Physics.” Let a be the 
shorter, and c the longer of the vertical limhs, and b its horizontal 
limb,—^then, according to Peclet, we must have c > 2 a + b, but 

the true formula is c > a + —, where H represents the 

XJ. — Q, 

height of a column pf liquid equivalent to the pressure of 1 atmos¬ 
phere. 

Motion of Crttseous Fluids. Diffusion of duscs. — I31akc(l<) has 
made some theoretical remarks on the diffusion of gases, of vvliich we do 
not give a fuller report,. because they have led to results which are 
quite untenable, for instance, that the velocity and quantity of dis¬ 
charge from one vessel filled with gas, into the other, will be the 
same as in the case of diffusion into a vacuum, provided that the 
air in the second is less than half as dense as that in the first 
vessel. 

Terrestrial Dynamles. Density of the Interior of the Fiartli.—< 

If p represents the pressure at any point of tlic molten interior of 
the earth, and r the actual density at that point, Eochc(5) deduces, from 

the equation = A r + Br’, the law of the density r = r„ 

(1 — jS a^), where a is the semi-diameter of the particular shell. /3=0’8 
satisfies the precession, as well as a flattening of the spheroid 
The formula gives for a mean density 5'5, for that at tlic 


J U O* 


surface 2*1, for the middle point of the radius 8, and the centre 
10‘5, the flattening of the successive shells, increasing from at 
the centre to at the surface. Gravitation increases, on the 


hypothesis of the above law, from the surface up to a distance from 
the centre = 0’82 of the radius, at 0'65 it has the same value as at 
the surface, and then rapidly diminishes to the centre. 

Attraction of the Terrestrial Spheroid. —Guiot(6) has written a 
paper on the attraction of the earth on points of its surface, and on 
the cause of its spheroidal form. He starts from an original propo¬ 
sition of his own, which he thus expresses:—At the pole of a sphere 


(1) Berl. Acad. Ber. 1847, 305. (2) Berl. Acad. Bcr. 1847, 10.3. 

(3) Compt. Rend. XXVII, 321; Inslit. 1848, 294; Dingl. Pol. J. CX, 155. 

(4) Sill. Am. J. [2] V, 78. (.5) Instil. 1848, 185. 

(6> Compt. Rend. XXV, 195. 
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there is a very small zone, which exerts as strong an attraction, 
as would all the other parts of it together, if formed into a 
perfect spherical shell. Beyond, and reckoned from, this infinitely 
small zone, the attraction of any zone of constant thickness, is 
proportional to the sine of half of its generating arc.—Guiot calcu¬ 
lates the polar flattening to be = th® data furnished by 

the observations made by Biot, Matthieu, Duperrey, Freycinet, 
Arago, and Sabine, with the pendulum. 

Attraction of $ipberoiiiH. —Hennessy(l) has published a paper on 
the attraction of spheroids, in which he improves the demonstration 
given by Pontecoulant of an important theorem of Laplace. 

Dciiciidcnce of Cravlty on the Latitude. —The calculation of the 
gravitation of the earth, or of the pendulum-length for a latitude 
may be effected by the formula U = 1 -f (1" — 1) sin’ X, where 1 is 
the length of the pendulum at the equator, its length at the pole. 


Since, from this w^e obtain for \ = 45®, lx = 


1 -h 1" 


which 


does 


Attraction 
of the 
terrestrial 
spheroid. 


not agree exactly with the truth, Babinet(2) prefers the more 

A" + 1 

accurate formula : lx = 1 4* {1" — 1) sin® X — /—^ 


sin® 2 X, 


where 1' is the length of pendulum for X = 45®. 

AltfiaratUM for determining the Density of the Earth.- —Hearn(3) 
has made a communication to the Royal Society of London, on the 
disturbances introduced by diamagnetism into the determination of 
the mean density of the earth, by the use of Cavendish’s appa¬ 
ratus. 

Form of the Surface of the Sea. —Roche(-l!) makes some remarks 
on the irregularities, resulting from local attractions, in the surface of 
the sea. 

Theory of Machinery: of Steam Engines.— Crelle(5) announces 
a full mathematical theory of steam-engines. He distinguishes in 
them the parts which serve for the generation of the power, as the 
furnace, boiler, chimney, hot and cold water pumps, (the considera¬ 
tion of which we have not hitherto been able to submit to mathema¬ 
tical treatment, because our physical data have been insufficient), from 
the parts devoted to the transmission of the force, as the cylinder, 
the beam, valves, condenser, injection-water in single action engines. 


(1) Phil. Mag. [3] XXXIII, 24. 

(2) Compt. Read. XXVI, 265; Instit. 1848, 69. 

(3) Phil. Mag. [31 XXXI, 73. i^) 1848, 175. 

(5) fieri. Acad. Ber. 1847, Marz. 
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which raise water from various depths, the governor, and condenser. 
The true theory of the latter parts had indeed been given in outline 
by Pain hour 3 but there still remained much to be done in the 
details. Crelle promises some researches on the theory of the 
fly-wheel, expansion-valve, condenser, injection-water, of Watt’s 
parallel motion, and, generally, on the most advantageous form of 
engine. Meanwhile Crelle give us his results relative to the fly¬ 
wheel. 

In the continuation of his inquiry, CreHe(l) discusses specially the 
shutting off (expansion), and the question whether the water jet, 
which is employed, where the engine has to lift water from variable 
depths, or, generally, to overcome variable resistances, should not be 
replaced by a more certain adjustment. He answers this question in 
the affirmative, and proposes a simple and improved arrangement. 
—Crelle finds, theoretically, that Woolf’s expansion-engine with two 
cylinders, docs the greatest amount of duty, viz., four-times as much as 
a low-pressure condensing-engine, without expansion-valve.—Farther, 
he finds that much power is lost in locomotives, by the steam jet, 
and that another form of blast may be employed more profitably. 

To this we have to add the description of some 

Apparatus. For uniform circular Motion by Welfflit.— In practical 
mechanics, and in numerous physical experiments, the problem 
oceurs—to produce a uniform circular motion by means of a weight. 
Jacobi(3) finds the method hitherto employed—^that of connecting 
the barrel on which the weight acts, by a train of several wheels, with a 
spindle, which is provided with vanes, and revolves with great rapidity 
—inconvenient: the inconvenience arises from its complexity, and be¬ 
cause a considerable time elapses before the motion reaches a maximum, 
and therefore uniform velocity, as well as because, if it be suddenly 
stopped, the quantity and velocity of the matter in motion causes a 
powerful reaction. Jacobi proposes to make the ^anes revolve, not 
in air, but in some more resisting medium^ especially in oil. At 
the bottom of the vessel, which contains the liquid, there is a cup in 
which works the end of a vertical spindle, which carries the vanes. 
The velocity can be regulated by immersing the vanes to a greater or 
less depth in the liquid, and where variable resistances occur, the 
adjustment can be effected by the apparatus itself by means of a 
contrivance similar to the governor of a steam engine. 


(1) Berl. Acad. Berl. 1848, Apr.; lastil. 1848, 369. 

(2) Petersb, Acad. Bull. VI. 104; Pogg. Ann. LXXI, 390. 
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Hydronieter.i»ipeue. — Schafhautl(l) proposes an instrument, 
which may sci’vc to take up equal weights of liquids, whose specific 
gravity varies within certain limits, as, for instance, of the various 
sorts of beer,—by a simple method, on the principle of the pipette 
(beer-taster). The entire instrument is about 0“**4 in length, and 
consists of a glass-tube of about 6““ diameter in bore, which must 
be constructed at its upper part, in such a manner that the sectional 
area of the glass is equal to that of the space which it encloses. 
Towards the lower end the tube is blown into a spheroidal vessel, 
whilst at the upper is attached a closed glass bulb, which enables 
the whole to float as an hydrometer. The dimensions are so propor¬ 
tioned that the instrument holds exactly 1000 grains of water, when 
in the position in which the glass body displaces that quantity of 
w'ater, and, by reason of the above-mentioned peculiarity of the 
neck, the same weight of denser liquids, into which the instrument 
sinks to a less depth, is enclosed, when it is placed in them. It 
admits of accurate use, from the level to which it first sinks down, 
to that of the float-bulb: indicating specific gravities from I'OOO 
to ]'026. Vor the details of the construction and adjustment 
of the instrument we refer to the paper. 

Aneroid iiarometer.^The aneroid barometer, invented by Vidi(2) 
consists of a metal box J inch deep, which has been exhausted 
of air and then hermetically sealed. Its upper side is thin, and 
its pliability is increased by concentric circles engraved upon it, 
so that it takes a different position with every alteration in the 
atmospheric pressure. The box is enclosed in a round case, and 
with the centre of the moveable plate is connected a train of levers, 
which multiplies every movement of the plate 600 or 700 times, 
and transfers it to an index, which traverses a graduated dial on the 
outside of the box. The instrument having been once compared 
with the mercurial barometer, it will supply the place of the latter 
for observation, wherever an accuracy greater than to { line is not 
de8ired(3). Changes of temperature have no considerable influence 
on the action of this barometer. It is very portable, the case being 
only about 4 inches in diameter, and If in thickness. 

We have still to mention papers on the following subjects : 
On a spherometer, by Perreaux(4) ; On an improved construc- 


(1) Dingl. Pol. J. CIX, 209. 

(2) Compt. R«nd. XXIV, 975; Pharm. J. Trans. VII, 479. 

(3) Pogg. Anti. LXXIII, 620. (4) Compfc Rend. XXVII, 585. 
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tion of Wheatstone's chronoscope, by Hip})(l); On the measure¬ 
ment of periodical motions of great velocity, by Doppler, com¬ 
municated by Bolzano(3); On a clock with conical pendulum, 
by L. Foucaiilt(3); Observations on this instrument, by Arago{ l!), 
Winnerl(5), St. Preuve(6), and Garnier(7); On a centrifugal 
pendulum, with actual isochronism, by Pecquer(8); On a method 
of withdrawing astronomical pendulums from the influence of tem¬ 
perature and pressure, by Faye(9)j On the compensation of 
astronomical clocks, by Porro(lO), and by Languicr(ll); On an 
improved construction of Huyghen's parabolic pendulum, by 
St. Preuvc(13); On a new system of hydraulic motors, by 
de Caligny(13) and Bourdon(14); On a screw-pump, by Guille- 
mot(15); On a barometer, by Lefranc(16 ); On improvements of 
aerostats, by Gaudin(17)j On anemometers, by Henry (18) and by 
Cockburn(19) ; On a reflecting anemometer, by Aime(20); On the 
screw, as air-motor, by Planzanct(21); On a locomotive, worked 
by carbonic acid, by Jagu(22); On a hydraulic telegraph, by 
Pigoni(23). 


ACOUSTICS. 


Velocity of Mound in Fluid Bodies.— ^An apparatus has been con¬ 
structed by Werthcim(24) for the deduction of the velocity of sound 
in fluids, from the tones which they produce in an organ-pipe. It 
consists of a receiver for the liquid, an organ-pipe, a pump, an air 


(1) Pogg. Ann. LXXIV, 589. 

(2) Pogg. Ann. LXXII, 530. 

(3) Compt. Rend. XXV, 154. 

(4) Compt. Rend. XXV, 160. 

(.5) Compt. Rend. XXV, 214. 

(6) Compt: Rend. XXV, 215. 

03) Compt. Rend. XXVII, 420, Instit. 

(14) Instit. 1848, 87. 

(15) Compt. Rend. XXVII, 447. 

(16) Pogg. Ann. LXXIV, 462. 

(20) Ann. Ch. Phys. [3] XVII, 498 j 

(21) Compt. Rend. XXIV, 446. 

(22) Compt. Rend. XXVI, 339, 390. 

(23) Compt. Rend. XXIV, 387. 

(24) Ann. Ch. Phys. [3] XXIII, 4.34 
Pogg. Ann. Ergantungs. Bd. II, 497. 


(7) Compt. Rend. XXV, 215. 

(8) Compt. Rend. XXV, 251. 

(9) Compt. Rend. XXV, 375. 

'(10) Compt. Rend. XXV, 940. 

(11) Compt. Rend. XXV, 415 and 941. 

(12) Compt. Bend. XXV, 392. 

1848, 31. 

(17) Compt. Rend. XXIV, 306. 

(18) Compt. Rend. XXIV, 877.' 

(19) Instit. 1848, 52. 

Ann. LXX, 578. 


Compt. Rend. XXIV, 656 ; XXVII, 150; 
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receiver, and a manometer. The pipe may, by means of the pump, 
be filled at pleasure with air or with the liquid in question. Particular 
care is requisite in the latter case to avoid the false hissing tones, 
the mouth-piece of the pipe must be rather narrower and shorter 
than when used to blow the pipe with air, the slit must be larger, 
and the lip more inclined towards the inner part of the tube. Small 
bubbles of air, or a light powder suspended in the fluid, totally 
prevent the production of the tone. If all these influencing causes 
be avoided, the fundamental note and the harmonic upper notes 
arc obtained according to the pressure applied. When organ pipes 
arc blown with air, they always give a deeper tone than might be 
expected from the length of the pipe, and the known velocity of 
sound in air.—Liskovius(l) has proved, that the lowering of the tone, 
under circumstances otherwise similar, increases with the size of 
th(! section of the tube j the cause of this is a prolongation of the 
vibrating column of air beyond the end of the pipe ; it is, therefore, 
more considerable in open pipes than in closed ones, as in the 
latter a disturbance of this description can only take place at the 
mouthpiece. If a mouthpiece is connected with two open tubes, 
Lj and h, which give fundamental notes of n^ and ng vibrations, 
from which the velocities of sound V| and Vgmay be calculated without 
Ifirthcr correction, and if the correction x and y at the mouthpiece and 
upj)cr end be expressed in the same unit as the length of the pipe, then 

X + y = -H-L. and if n/ and n/, Vj' and Vg' have the same 

Uj ng 

/ f 

meaning for the covered pipes, x = ^ -The corrcc- 

^ ^ ^ 2(ni —Hg) 

lions may thus be calculated separately; one principal difficulty, 
however, remains, the fundamental note not being perfcictly constant, 
but slightly varying with the strength of the current of air. If the 
harmonic upper notes are to be employed, the fundamental note 
derived is higher, proportionally to the height of the harmonic note 
employed.—^Wertheira calculated the corrections from such notes 
only as were produced by equal pressures. He found, at the same 
time, on comparing the pressures most adapted to produce the 
different upper tones, that these pressures, the note being produced 
by either air or fluids, stand in the ratios of the squares of the 
terms of the harmonical progression.—Numerous determinations 
of the velocity of sound made in this manner never differ more than 
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(1) I’ogg. Ann. LVJI, 95 ; LX, 482. 
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one per cent, from that found by another method (332™*3). The 
velocity of sound is, therefore, the same in the unbounded mass, as 
in a cylindrical column of air. 

The resulting velocity of sound obtained by the measurement of 
notes from water, vibrating in a pipe is 1173“*4 at 15® C. As¬ 
suming the law deduced above (page 97) for solid bodies to hold 
good likewise with fluids, the velocity of sound thereby obtained is 
= 1173'4' . v' f = 1437“'l, while, by observation at 9® C, the 
number 14'35in* was found. We have to assume, therefore, that 
in liquids likewise, the velocity of sound in unlimited masses, 
stands to that in a fluid column, as ; 1, which is possible only 
if the law of equality of pressure on all sides, no longer exists in the 
vibrating fluid.—By experimental determination of the corrections 
to be applied to the length of the pipe, by measurement of the 
number of vibrations, and with consideration of the proposition 
expressed above, the following values were obtained; 





Velocity of sound: 


Fluid. 

Temp. 

Density. 

in a 
column. 

in 

unlimited 

Compressibility. 




mass. 


Seine-water. 

15« 

0-9996 

1173® -4 1437m -1 

00000491 

Artificial sea-water . . . 

20 " 

1-0264 

1187 -OlHIiS -8 

0-0000467 

Solution of Na Cl . . . . 

18" 

1-1920 

1275 -0; 1561 6 

0-0000.349 

„ „ NaO, SO 3 . . 

20 " 

1-1089 

1245 -2 

1525 -1 

0-0000393 

If II NaO, COj . . 

„ „ NaO, NOj . . 

22«-2 

1-1828 

1301 -8 

1594 -4 

0-0000337 

20"-9 

1-2066 

1363 -5 

1669 -9 

0-0000301 

}f ft 0& Cl • • ■ ■ 

22"-5 

1-4322 

1616 -3 

1979 -6 

0-0000181 

Absolute alcohol .... 

2.3" 

0-7960 

947 -0 

1159 -8 

0-0000947 

Oil of turpentine .... 

24" 

0-8622 

989 -8 

1212 -3 

0-0000800 

Ether . 

0 " 

0-7529 

916 -3 

1159 ‘0 

00001002 


Velocity of Propagation of Sound In Air.— ChaTlis(l) has sub¬ 
jected to a new investigation, the mathematical theory of the velocity 
of the propagation of sound, and of the vibrations of air; he has 
thus given rise to a discussion in which Airy(2) and Stokes{3) 
have taken part, but which has as yet led to no results of great im¬ 
portance. 

Blakc(4) also, like Challis, has attacked Laplace^s correction 
of Newton^s formula for the velocity of sound. H being the 
height of a column of air of the same, density, as at the point 


(1) Phil. Mag. [3] XXXII, 276,494; XXXIII, 98, 360, 462. 

(2) Phil. Mag. [3] XXXII, 339. 

(3) Phil. Mag. [3] XXXIII, 349. 

(4) Sill. Am. J. [2] V. 372. 
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from which the sound is propagated, and of a pressure equal to that 
of the atmosphere, h being the height of a column of air of equal 
density, the pressure of which corresponds to the increased density, 
as actually occurring in the wave of sound, then Blake finds the velocity 

H + h 

of sound equal to that which a body falling through the space —^ 

H 

acquires, while Newton had found the space of descent to be 

independent, therefore, of the intensity of the sound.—Blake cal¬ 
culates, according to his formula, the magnitude of the wave, corres¬ 
ponding to the velocity of 1142 feet, and the increased density 

V2 


of the air in the same, according to the formulae h = 


32 


H; 


d = —in which the density of the surrounding air is taken 

as unit; thus he finds h = 12937 feet, d = 1*465, while H is 
= 27818, a result, the fallacy of which becomes at once apparent, if 
we consider how small the amplitude of vibration in soun^ng bodies 
generally is, in proportion to the wave-length.—Blake is of opinion, 
that the dependence of the velocity of sound on the intensity, as 
pointed out by him, will account for the considerable discrepancies 
obtained in the various measurements. A more accurate considera¬ 
tion of the methods shows, however, that the sources of error 
hitherto recognized, particularly the influence of wind, suffice for 
the explanation of those discrepancies. 

vibrations of Rods and strln^rs. —A. Scebcck(l) has indicated 
a general method of calculating the position in vibrating rods, 
fixed at one end, of the vibrating nodes, and of the points of 
greatest vibration and of flexure, which, until now, had been cal¬ 
culated only for a rod free at both ends. The results of calculation 
are synoptically arranged in a table.—The second portion of the 
treatise, discusses the vibration of stretched rods, under which head, 
strictly speaking, stretched strings also belong. N. Savart and 
Duhamel endeavoured, the former experimentally, the latter theo¬ 
retically, to prove the proposition, that if n be the number of vibra¬ 
tions of the string stretched, Uq that of the string not stretched, 
and nj that of the string loosely stretched, n® = n^,® n^®. Seebeck 


Velocity of 
propagB* 
tioD of 
Bound In 
air. 


(1) Pogg. Ann. LXXIII, 442. 
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'Jf rod."" deduces, from the general equation of motion for strings, the follow- 
■MoKt ^“8 sufficiently accurate approximative formula for the i*** note: 

n = i n,_Jl + i2 S) 

~ T{"p ^ ^ p[3 

in which P denotes the tension, 1 the length, p the weight of the 
length-unit of the string, and a the constant of elasticity. The 
deviation of the i‘** note from perfect harmony is, according to this, 

lx 1 + 

equal toj-j^ 

Bellani(l) adduces observations of Gattoni, according to whicii, 
iron wires tightly stretched in free air, sound only during a change 
of weather; no sound is obtained cither in fine, rainy or very 
windy weather. 

Theory of Musical Notes. —Robert Lefebvrc(2) has communi¬ 
cated to the French Academy a mathematical tlieory of musical 
notes, combined with a discussion of the general principle of music. 

Notes obtained by the electric Current. —Wertheim, in a former 
memoir(3) had endeavoured to prove—Istly. That the electric current 
gives rise to a transitory diminution of the coefficient of elasticity 
in conductors; 2ndly. That the conversion of iron into a magnet 
is likewise attended with a slight decrease of the coefficient of 
elasticity, which only partially disappears, with the intcrrujition of 
the current.—In a second investigation (4) he endeavours to ascertain 
more accurately the mechanical effect exerted upon rods of iron 
or of steel, cither by an outer current, which passes through a 
spiral surrounding them, or by an inner current; he farther 
discusses the laws of notes, produced by longitudinai or transversal 
concussion. Wertheim expresses the results of his researches in 
the following propositions: Istly. A current passing through a 
helix, wound round a mass of iron, exerts an attractive influence on 
this mass, similar to the attraction of iron filings by the electrical 
conducting. wire, as discovered by Arago. 2ndly. This attractive 
power, which is proportionate to the force of the current and the 
size of the mass of iron, may be considered as consisting of a lougi- 

(1) From Giornale delP Instit. Lombardo, XV, in Arch. Ph. Nat. IV, 180. 

(2) Instit. 1848,398. 

(3) Ann. Ch. Phys. [3] XII, 610. 

(4) Ann. Ch. Phys. [3] XXIII, 302 } Compt. Rend. XXVII, 505 ; Instit. 1848, 142. 
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tudinal and a transversal component. 3rdly, The former, according 
to the position of the helix, tends to elongate or to shorten the iron 
rod. 4thly. The transversal components, whose mechanical equiva¬ 
lent may be easily expressed in weight, occur only in an eccentric 
position of the iron rod; they balance each other if the axes of the 
rod and the helix coalesce. 5thly. The inner current exerts a 
sudden impulse upon the iron conductor, and there is no difference 
between this effect and that of a mechanical power acting in the 
same direction. Gthly. These mechanical effects afford a perfect 
explanation of all distinct notes produced by the exterior or interior 
current, or by a combination of both, in a rod, a thread, a plate of 
steel or iron. The notes obtained by the longitudinal components are 
the same as the longitudinal notes produced by a blow on the end 
of a rod in the direction of its axis.—Wartmann(l), from a scries of- 
experiments made with glass plates, the resin and tinfoil coatings of 
which were charged with electricity—and with wires, plates, and 
rods of iron, copper, and brass, which, when exposed to the inductive 
action of the current or of a magnet, retained their natural height 
of tone—considers himself justified in concluding that induction 
docs not perceptibly alter the elasticity. 

According to De la Rivc(2) a note is always produced in a 
metallic conductor, when an intermittent current is passing through 
it, while there is in its vicinity an electro-magnet, or a spiral 
wire surrounding it, through which a continuous current passes in 
the same direction as the one which produces the note. The same 
result is obtained, whether the conductor be employed as a straight 
wire, as a helix, a rod, or a tube. 

If the sounding conductor be wound spirally, the intermittent 
current at once produces a note which is, however, increased by an 
exterior or interior helix with a constant current.—As soon as a 
constant, together with the intermittent current, is passed through 
the same conductor, the note ceases. Ilencc, it appears that the 
note is produced by molecular oscillations, which cease when the 
molecules attain a permanent position by a constant current. A tube 
of soft iron placed between both spiral wires increases the note, if 
both currents pass in the same direction; it decreases or destroys the 
note, if the currents pass in the opposite direction; it.has no effect 
when split lengthways. A rod of soft iron in the axis of both 
spiral wires always strengthens the note, whilst rods of other metals in 
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(1) Arch. Ph. Nat. VIII, 177. 


(2) Arch. Ph. Nat. IX. 265. 
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taliwd by' position produce no effect whatever. De la Rive also obtained a 
the elec- jjote froDi a circulaT disc of brasSj if the current passed from the 
rent. Centre to the circumference, or mce versa. As mercury, and even 
the voltaic discharge, give notes when under the influence of electro¬ 
magnets, Be la Rive puts forth the following general proposition: if 
an electric current passes through any solid, fluid, or gaseous con¬ 
ductor, a magnet, or electric currents in its vicinity will effect a 
certain transposition of the molecules; if the former current is 
intermittent, the molecules oscillate between the natural position of 
equilibrium and that imparted by the magnetism. The oscillations 
are the cause of a sound. 

Pbystoiofficai AcousUcs. —In order to ascertain the cause of the 
same body communicating to our ear different tones at the same 
time, Duhamel(l) has made the following experiments. A 
caoutchouc thread connected consecutively with different points of an 
oscillating plate, producing simultaneously two or three notes, was 
conveyed to one car, while the other was stopped up. He convinced 
himself that an impression of sound could arrive at the car in this 
manner only, and yet all the notes were audible at the same time 
at all the different points. Hence Buhamel concludes, that if the 
oscillatory motion of one point be decomposed into several others, 
the ear is affected in the same manner, whether the component 
movements emanate simultaneously from several neighbouring points, 
or from one point only. 

Scott Russel(2) has observed that if a locomotive moves with 
the rapidity of from fifty to sixty miles an hour, the note of the 
whistle heard by a stationary observer is decidedly higher or lower, 
as it approaches or recedes, than when heard by a person on the 
engine. Russell explains this phenomenon quite correctly by the 
composition of the velocity of the sound-waves, and thjit of the source 
of sound, the arguments of Brewster, who assumes a purely physio¬ 
logical cause, arc, as Harris remarks, without foundation. The 
theory of this phenomenon had been given previously by Doppler(3), 
the confirmatory observations by Ballot(4) in the year 1845.— 
Russell considers the difference in height of the direct and reflected 
tones, as the cause of the painful impression made on the car 
during the passage in a train under a bridge. 

(1) Compt. Rend. XXVII, 457; Instit. 1848, 341; Ann. Ch. Phys. [3] XXV, 45; 
Arch. Phys. Nat. X, 52. 

(2) Instit. 1848, 288 : Arch Ph. Nat. IX, 138. 

(3) On the coloured light of double stars, bv Chr. Doppler; Prague 1842. 

(4) Pogg.Ann. LXVI, 321. 
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Segond(l) has made some^ivestigations on the origin of the 
dilFercnt sounds of the human voice. According to his observations, acouiticn. 
the smaller the space of the windpipe, the throat, the month, and 
the nose, the clearer and shriller the voice becomes; with regard to 
the explanation of the nasal voice, Segond calls attention to the dif¬ 
ference arising from the circumstance of the sound passing through 
the cavity of the nose, or of its resounding only in this cavity when 
closed. In the latter case the character of the nasal voice is most 
decidedly apparent. 

Segond farther has instituted researches on the human voice, on 
inspiration (2), and on the connection between the total movement of 
the glottis, and the height and strength of the note(3). 

Apparatus.— A hand-organ has been described by Stein(4), and an 
akumeter, or instrument for measuring the acuteness of hearing, by 
Marloye(5), made according to Blanchet's directions. 


OPTICS. 


Sources of Liffbt. Development of Light by Heat, and during 
riieinlcal Processes.— Draper has communicated researches on 
the production of light by hcat(6) and by chemical ac¬ 
tion (7). To ascertain the temperature of incipient incan¬ 
descence, Draper made use of a platinum wire of -jV inch 
in thickness, which was heated by means of a voltaic current, 
a rheostat being employed in the circuit. The temperatures 
were measured by the expansion of the platinum wire. In a 
dark room the wire began to be incandescent at 5^5°; this tem¬ 
perature was fixed by Newton at 335®, by Davy at 433®, by 
Wedgewood at 608®, by Danicll at 528®. Copper, antimony, 
gas-\jarbon, lead, and iron, become luminous at the same temperature 
as platinum, and it appears that the temperature of incandescence is 
identical in bodies of very different nature. Many minerals, how- 


(1) Compt. Bend. XXV, 204; Arch gen. de M^dec. Mars 1848; Jahrbiicher der 
gcsainmten Medicin LXI, 9—12. 

(2) Compt. Rend. XXVI, 252 ; Instit. 1848,63; J^rb. d. ges. Medic. LXI, 11. 

(3) Compt. Rend. XXVII, 85; Jahrb. d. ges. Medic. LXI, 12. • 

(4) Compt. Rend. XXIV, 333. 

(5) Compt. Rend. XXV, 676: XXVI. 580. 

(6) Phil. Mag. [3] XXX, 345. (7) PhU, Mag. [3] XXXII, 100. 
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o^nijhl* ever, especially such as contain flfcie, are exceptions. Draper 
found that limestone, marble, and particularly fluor-spar, shine at 
a lower temperature than iron.—Prismatic decomposition of the light 
emitted by the platinum-wire proved, that generally the least 
refrangible rays appear first, whilst the quantity of the more refran¬ 
gible ones increases with the temperature. The fact that the spectrum 
underwent a partial elongation, in the direction of its red extremity 
also, Draper explains by the increased intensity of the light 
generally. At 654® the orange ray principally was visible, and, in 
the place of yellow, a tint, which may be designated as grey. It was 
only at 1163® that all the colours exhibited considerable brilliancy, 
their extent being little shorter than the daylight-spectrum. Avail¬ 
ing himself of Bougucr^s photometric method. Draper found 
that, with the rise of temperature, the intensity of light increased 
slowly at first, but afterwards with progressively increasing rapidity. At 
525® it is equal to 0; at 1038® equal to 31<; at 1420 equal to 1231, 
or 36 times greater than at 1038®.—Radiated heat, likewise, as 
pointed out by experiments with the thcrmo-multi])licr, increases 
much more rapidly than the temperature. The quantity of radiant 
heat at 545® being taken as unit, the amount emitted at 800® is 2*5; 
at 1«380, 7*8; at 1310®, 17-8. 

Draper subjected to prismatic analysis the light emitted by 
anthracite-coal and wood-charcoal, burning and then gradually expir¬ 
ing, the fonner in atmospheric air, the latter in oxygen gas. lie 
found that there is a connection between the refrangibility of the 
light which a burning body yields, and the intensity of the chemical 
action going on; that moderate processes of combustion emit only 
the less refrangible rays of the spectrum, whilst the refrangibility 
increases with the increasing intensity of the chemical action. This, 
however, by no means justifies the conclusion of Draper, that for 
each degree of combustion, rays of a certain colour arc developed, 
and that a flame, in which the activity of combustion decreases as wc 
advance inwards, is a system of concentric shells, presenting the 
different colours of the spectrum in such a manner that a horizontal 
section of the flame would exhibit the appearance of a rainbow-ring. 
The brightest part of the flame in which the carbon particles are 
floating in a state of most powerful incandescence, emits rays of all 
colours, as proved by the foregoing experiments, and by those on the 
light evolv^ during ignition j the light developed in the outer shell, 
which is Hottest, being chiefly blue, whilst in the inner shell 
the red predominates. The fact that coloured flames present 
many rays of the spectrum, but with a j)rej)ondcrance of certain 
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rays, is not new. (Radicke, Optics, II. 201.) When analyzing 
a horizontal zone of a spirit flame, Draper found all the coloured 
rays; the edge of the prism being placed horizontally, the nar¬ 
rowest spectrum was produced by the red, the broadest by the violet 
rays, which extend towards the border. The yellow part was marked 
by a brilliant line, Brewster’s monochromatic ray. The colour of 
the carbonic oxide-flame, which, in atmospheric air, appears blue, is 
not changed in oxygen gas; the red flame of cyanogen gas, on the 
other hand, assumes a dazzling brilliancy, its spectrum being enlarged, 
especially towards the violet end.—^The prismatic spectrum was 
essentially changed by introducing air into the interior of an oil- 
ilauie, by means of the blow-pipe; Draper mentions that then the blue 
point of the flame no longer gave red or orange rays, the spectrum 
consisting of five separate spaces, one yellow, two green, one blue, and 
one violet.—Draper’s view that, during chemical action, the material 
particles enter into vibrations, which, in the case of combustion, may 
rise from 400 billions to 800 billions in the second, may be admitted. 
The regularity, however, exhibited by the dificrences of the wave¬ 
lengths corresponding to Frauenhofer’s lines, which he found to 
be in the ratio of the numbers 1, 2, 4, 6, 7, 9, 10, cannot be con¬ 
sidered as conclusive, inasmuch as Frauenhofer has by no mians 
selected the strongest of the 2000 lines composing the spectrum, 
his main object being the acquisition of regular intervals. 

Nature of the Candle-Flame. —Volger(l) has recently subjected the 
flame of the candle to a new analysis. After synoptically arranging 
the ascertained constituents and products of decomposition of the 
various kinds of fat during combustion, he proceeds to examine the 
gradual development of the flame on ignition. The so-called 
hud, (Flammenknospc,) a globular blue flaramule, is found to be first 
produced at the summit of the wick; this is the result of the com¬ 
bustion of carbonic oxide, hydrogen and carbon, and is surrounded by 
a reddish violet halo, the veil. The increased heat now gives rise to 
the actual flame, which shoots forth from the expanding bud, and is 
then surrounded at its inferior portion only by the latter. The 
interior consists of a dark gaseous cone, containing the immediate 
products of the decomposition of the fatty acids, and surrounded by 
another dark hollow cone, the inner cap. „^Here we already meet 
with carbon and hydrogen, which have resulted from the process of 
decomposition, and we distinguish this cone from the inj^r one, by 
its yielding soot.* The external cap constitutes the mon luminous 


Soarees 
of light. 


(1) Pogg. Ann. LXXII, 82. 
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portion of the flame^ in which the hydrogen is consumed^ and the 
carbon rendered incandescent. The surrounding portion is but 
slightly luminous^ deposits no soot, and in it the carbon and hydrogen 
are consumed. 

E. Becquerel(l) has investigated the effect produced by the 
various parts of the spectrum upon Canton's phosphorus and the 
phosphorus of Bologna, (sulphides of calcium and of barium,) and 
has observed, that the most refrangible rays (those beyond the violet) 
give rise to phosphores^nce, and that spots, of more or less 
intense action, may be distinguished in this portion of the spectrum. 
He has also found that the rays intervening between the violet and 
red portion destroy phosphorescence, after having previously increased 
it for a short space of time, or after having increased the emission of 
all available rays. Draper(2) communicates the fact, that the above 
results may be found in a work of Wilson's, dated 1776. 

Matteucci(3) has published a note on the phosphorescent matter 
in fishes, and on marine phosphorescence. 

Theorv of Light.— Cauchy(4) communicates the following results 
obtained in reference to the three rays of light, which correspond to 
the simple vibrations of the ether ; 

Ef Assuming the waves to be plane, the three rays arc propa¬ 
gated with velocities, the squares of which arc the roots of a cubic 
equation. Two roots correspond to the rays that have hitherto been 
observed by physicists j they are equal as regards substances that 
produce simple refraction; unequal, though but with a slight 
difference^ as to those with double refraction, and to homogeneous 
substances, which divert the plane of polarization; they are imaginary 
in metals and opaque bodies. 

2. The two principles of corresponding motiqn, and of the 
continuity of the motion of the ether, give rise to the equations of 
condition, which suffice for the purpose of ascertaining the character 
of the polarization, and the intensity of the rays which are reflected 
or refracted at the surface of opaque or transparent media. 

t3. As to the third ray, calculation proves it to disappear if the 
undulations of the incident light are either perpendicular to the 
plane of incidence, or if they pass off parallel or perpendicular to 
the reflecting surface; and, lastly, that it is extinguished for every 
medium at an appreciable distance from the plane of separation. 


(1) Ann. Ch. Phys. [3] XXII, 244 ; Compt. Rend. XXV, 632. 

(2) Phil. Mag. [3] XXX, 87. (3) Ann. Ch. Phys. [3] XXIV, 358. 

(4) Instit. 1848, 229 and 398. 
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The quotient of the unit by the coefficient of extinction of the third 
ray, is changed in value in the transition of the ray from the first to 
the second medium, excepting when the surface completely polarizes 
the light, under a certain angle of incidence. The diffierence of 
the two values multiplied by the ratio of refraction, gives the small 
coefficient contained in the formulae relating to transparent bodies, 
as proved by Jamines experiments. 

4. Other phenomena appear to indicate the existence of the third 
ray, such as the loss of light, which occur| in the reflected ray in 
oblique incidence, and as the polarization'bf dispersed light observed 
by Arago. 

A theory of the propagation of light-rays and of polarization, has 
been founded by Challis(l), upon anew doctrine, regarding the con¬ 
stitution of the luminiferous ether, which he assumes to be com¬ 
pressible. 

Mac Cullagh(2) has communicated an essay on a dynamic theory 
of the reflection and refraction by crystals. 

Rectilinear Propanratlon of Aberration of Llgbt. —The 

aberration of light, which is easily explicable on the assumption of 
the theory of emission, is acknowledged to become a more complicated 
problem when viewed upon the principle of undulation, inasmuch as 
the rays which pass through space on* approaching the earth, enter 
into the ether agitated by the rotation and translation; their course, 
under these circumstances, requiring to be derhonstrated. Fresnel 
had cut the knot by assuming that the earth moved, with all the 
solid and fluid parts that pertain to it, through the tranquil ether, 
in the same manner as a net with wide meshes would pass through 
the air. Physicists have not been satisfied by this improbable 
assumption. The mathematical discussion of this matter, which 
took place especially during the year 1846(3), has been resumed in 
1847 and 1848, by Powell(4), Challis(5), and Stoke8(6). 

Interference, wltb considerable Retardation. — Fizeau and 
Foucault(7) have constructed an apparatus for instituting observa¬ 
tions of the most various phenomena of interference. Babinet, Arago, 
and Kegnault, who were appointed to report on the subject to the 

(1) Phil. Mag. [3] XXX, 365; Instit. 1848, 59. 

(2) Trans, of the Iloyal Irish Acad. XXI. 

(3) Doppler, Abh. der bohm, Ges. 5. F. Ill, 747. Stokes, Phil. Mi^. [3] XXVII, 9; 
XXVIII, 15. 76. 335 ; XXIX, 6. 62. Challis, PhU. Mag. [3] XXVII, «21: XXVIII, 
90. 176. 393. Powell, PhU. Mag. [3] XXIX, 425. 

(4) Phil. Mag. [3] XXX, 93. 

(6) Phil. Mag. [3] XXXII, 343. 
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f5) Phil. Mag. [3] XXXII, 168. 
(7) Instit. 1848, 189. 
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*?ence'’ Acadcmy^ have designated the invention as one of the highest 

with con- importance, and calculated to facilitate the study of the simplest as 
well as of the most complicated optical phenomena. Rays issuing from 
a narrow opening and parallelized by a lens, are conducted through 
one, two, three, or even as many as five powerfully refracting prisms. 
The coloured rays are thus most completely separated, and those of 
the same denomination are united by a second lens into a single point. 
The spectrum exhibits the dark lines very perfectly defined, and may be 
examined upon a white^^en^^a ground glass surface, or, directly, 
by means of a microinrara lens, without an intervening medium. 
The inventors of the apparatus have been thus enabled to produce 
fringes with very great retardations, both by means of the mirrors, as 
well as by retardation of one ray by twofold reflection in a glass plate, 
or by double refraction in f^tes of calcareous spar of 5**'"*, or rock- 
crystal of 50“™ in thickness. They have observed the phenomena 
presented by chromatic polarization, and have measured the coinci¬ 
dent retardations, as well as the constants of rectilinear, circular, and 
elliptical polarization; so as to deduce numerous theoretical conclusions 
of importance. Their essays have been admitted into the liccueil 
des savans Strangers. 

New Case of interferene# —^Baden Fowell(l) has investigated a 
new case of interference. If into a hollow prism, filled with oil of 
sassafras, anise, or cassia, a strip of glass be dipped, so that only 
those rays pass throS||h it which enter at the broadest part of the 
prism, the spectrum of a beam of light is traversed by black bands, 
parallel to the origin of the light, and to the refracting edge of the 
prism. If fluids be employed which refract less than glass, for instance 
oil of turpentine or water, the strip of glass must be immersed into 
the narrower part of the prism, the broader portion being left free. 
If we term the indices of refraction for the strip of glass, and 
for the fluid, m and n; the wave-length of a ray, \; the same mag¬ 
nitudes for a second ray, m', n', and X'; the thickness of the plate, 
d; and the number of the bands between both coloured rays, a; we 

shall find a = d | - |. If plates be employed which 

afford double refraction, two rows of bands are obtained, superim¬ 
posed on each other. 

Analysis of Fraacnliofcr*H Interference-Spectrum,— Mossotti (2), 
as early as 1845, published at Pisa a separate essay on the characters 

(1) Instit. 1848, .314; Phil. Mag. [3] XXXIIT, 155. 

(2) Pogg. Ann. LXXII, 509. 
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of Fraueiihofcr's interference-spectra, in which he communicated 
formulae expressing the dependence of the wave-length and of the 
intensity upon the position of the coloured ray in the spectrum. The 
interference-spectrum must be considered as the normal, the prismatic 
as a distorted spectrum. If we suppose the entire interference-spec¬ 
trum ^o be divided into 360 parts, represented by 2 jr, \ expressing the’ 
wave-length, which corresponds to an arc measured from the 
centre of the spectrum, we find, from obsen'ation, that 

\= 553-5 + 184-6?^;' 


we thus obtain for the extremities 369 and 738, the millionth part 
of a millimeter being the unit. The formula 


n ±= - = i + h 




expresses the index of refraction n of a ray by its wave-length X; 
X„ being the wave-length of a certain ray, the deviation of which 
requires separate measurement in every instance. If more measure¬ 
ments be made than there are unknown quantities, the coefficients 
i, h, and k, may be calculated according to the method of least 
squares.—Let x be the angle between X and X„, then 

and if G represent the intensity of a point in the refraction-spectrum, 
the intensity of the same coloured pencil in the interference-spectrum 
dx 

will be jT = n j-. G, n being a constant coefiicicnt. The values of 
0 clA 


- r for the known 7 lines arc; 
n 

B. C. D. E. F. 

9054 30B51 294375 315787 145931 


G. 

39316 


H. 

9471 


If the axis of the coordinates be carried thrgiugh the middle of 
the interference-spectrum, i. e. the ray whose wave-length X = 553-5, 
we obtain, according to Mossotti, the following equation, which is 
intended to express the symmetrical diminution of intensity in this 
spectrum on either side: 

3X(1—X) 

1 —™ : 




hence zssSw- 


553-5 


and X = 


1 + 4X2.e 

i — r 


The v^ues deducible 


553-5 ' “ ^ “ r 

from this formula, for the refraction-spectrum, agree sufficiently. 
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Analyslaor 
Frsueii- 
hofe r ’a 
inter¬ 
ference- 
apectnim. 



130 


PHYSICS AND PHYSICAL CHEMISTRY. 


Analyilt of 
Frauen- 
hofer’a 
Interfer- 
ence- 
■pectrum. 


Magnus(l) describes an apparatus by the aid of whicKbe is able 
to produce the phenomenon of diffraction in the Torricellian vacuum. 
Both the source of light itself and the diaphragms are in vacuo, so 
that, by this means, the objections are obviated of all those who 
assume light to be propagated through the material parts ^of 
bodies. 

Reflection of Liitiit. —Cauchy’s mathematical analysis, and the 
experimental investigations of Jamin and Senarmont, have gene¬ 
ralized and simplified the expressions of the laws of reflection of 
light. The latter are peculiarly valuable, as they present us with a 
series of admirable methods of observation, and because they prove 
that the application of double refraction and chromatic polarization, 
supported by simple mathematical considerations, is productive of 
important results, both in regard to the accurate confirmation of 
optical laws, and of the measurement of the necessary constants. 

We shall first adduce the formulae of Cauchy(2), which express 
the intensity of the light reflected from opaque, and especially 
from metallic bodies, frequent reference being made to them 
in the subsequent experimental researches. An acquaintance with 
the index of refraction of any homogeneous, transparent, body, is 
sufficient to characterize it; in opaque bodies the refracted ray is 
extinguished close to the surface, Cauchy, therefore, assumes a 
second constant for these bodies, namely the coefficient of extinction. 
Let ^ and c be chosen, so that ^ cos. e and ^ sin. e represent the coef- 
ficents of refraction and extinction for perpendicular incidence, let F 
and r** be the intensities of the light reflected at the angle i, the incident 
ray being polarized perpendicularly, or parallel to the plain ols in¬ 
cidence, we then obtain 

P = P=tan.(x-D (1). 

in which 

^ tj ( ’\ 

cot^co8(2£—u) ^2 arc tan. ^ cotx=cosu sin(2arctan.^y(2), 

when u and U are given by the following equations 

cot (2 u — e) = cot e cos^2 arc tan.^^^^j U** = (3) 

One of the two components, into which every ray that is rectilinearly 
polarized, may be resolved when reflected, and of which one is perpen- 


(1) Berl. Acad. Ber. 1847, 79; Pogg. Ann. LXXI, 408. 

(2) Compt. Rend. XXVI, 86; Pogg. Ann. LXXIV, 543. 
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dicular and the other parallel to the plane of incidence, requires in 
reflection a retardation which is obtained by the equation 

tan. ^ = tan. 2 u sin n, 


w being determined by 


tan. fa) =: 


U . cos i 
sin® i 


Reflec¬ 
tion of 
light. 


For the principal incidence (the angle of greatest polarization), S' = 


V 

4’ 


therefore fa) = -r and U = sin i . tan i; finally, u= 2 A, A being the 
azimuth of the reflected ray, when the azimuth of the incident ray is 

TT 

= Having measured i and A, and calculated u and U, they are 
introduced in the following equations deduced from (3) 

X . / « -v sin 2 u TT 

tan. (2 £ — u) = tan. u cos. (tt — 2 i) ; ^— U, 

' '' ' sm 2 c 

and we are enabled successively to calculate e and ^ and ;g, and 
lastly the intensities I® and I'®. 

It is well known that, in reference to the reflection of light, 
transparent and metallic bodies have been considered hitherto as two 
distinct groups; the former were stated always to reflect with recti¬ 
linear polarization in any azimuth, a ray that had been polarized 
rcctilinearly, it having been assumed that the difference of phase 
of the two systems, perpendicular and parallel to the plane of inci¬ 
dence, was from 0® incidence to the angle of polarization = 0, or 
= 2 X, from that to 90® incidence = ir. The metals, on the other 
hand, were said to present, instead of complete polarization, a 
maximum of polarization only, and to convert the rectilinear undu¬ 
lation, unless perpendicular or parallel to the plaqp of incidence, into 
an elliptical one, the difference of phase gradually increasing from 

' 3«- 

0® incidence to the main incidence, from 0 to and from the 

3 TT 

principal incidence to 90® from ~ to ir .—A few transparent sub- 

stances of very high refractive power, such as diamond, appeared to 
form links between these two groups, as, within certain limits, they 
presented elliptical polarization. Dale(l) has enumerated a series of 
non-metallic substances, possessing a high coefficient of refraction. 


(1) Sill. Am. J. [2] III, 262, from Athcn. Nr. 986; Inat. 1846, 368. 
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'wliicli exhibit elliptical polarization; as indigo, artificial realgar, 
diamond, sulphide of zinc, antimony, glass, fused sulphur, tungsten, 
carbonate of lead, hyacinth, arsenious acid, garnet, idocrase, hclvine, 
labradorite, hornblende, chromate of lead, litharge, Indian ink. 
His opinign is that elliptical .polarization is the universal ^w, 
and that, probably, no substance presents perfect polarization; 
he assumes that the residue of unpolarizcd light in substances 
possessing a low index of refraction may be too trifling to be 
observed, and thinks that the mathematical theory of reflection 
should comprehend under owe equation the reflection both of metals 
and transparent substances with a high and low coefficient of 
refraction. 

Jamin(l) docs not appear to have been acquainted with this view 
of Dale’s, although he assumes the doctrine to be an established truth, 
which he states that he has proved by a very accurate method of 
observation, the particulars of which, however, he does not commu- 
nicatdl The results he arrives at are, that the division of homo¬ 
geneous media, hitherto adopted, into such as are transparent and 
polarize the reflected ray rectilinearly, and such as arc metallic and 
opaque, and present elliptical polarization, should no longer be 
retained, the case of elliptical polarization being the general one. If 
reflecting substances be arranged in the sequence of their coefficients 
of refraction, the elliptical polarization of the reflected ray, as we 
gradually proceed to the less and less powerfully refracting media, 
diminishes more and more, until at last we arrive at the point of 
rectilinear polarization, to which Fresnel’s theoT’y applies. Thus, 
the angle of maximum polarization, scarcely perceptible in the 
case of silver, becomes more and more distinct, and the difference of 
phase of the two vibrations which are perpcndicular^to one another, 
varies from w to 2 tt between boundaries of which one is below, the 
other beyond the’angle of polarization. These boundaries, which 
in metallic substances are coincident with the tangential and perpen¬ 
dicular incidences, approach one another, include in glass an angle 
of from 4° to 5” only, and, lastly, meet in the angle of polarization. 
But few bodies present the quality of polarizing light completely and 
in a straight line; it occurs in those whose refractive .power is 
nearly equal to 1*4, and it is to them only that Fresnel’s formulas 
are strictly applicable.—On examining substances with a still lower 
refractive power, elhptical polarization again presents itself, with 
the difference, that we now find a retardation of the vibrations which 


(l) Compt. Rend. XXVII, 147. 
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fall perpendicularly upon the plane of incidence as compared with those f,® j 
that lie in the plane of incidence; the reverse of what occurs in more 
powerfully refracting substances. Jamin terms the latter positive, 
the former negative substances.—On account of the slight suscepti¬ 
bility of the eye, the angle of polarization may, even if the polariza¬ 
tion is not absolutely complete, be confounded with the principal 

incidence, of which the difference of phase = () and the 

measurement of whieh is attainable with extreme accuracy. Brewster's 
law, according to which the tangent of the angle of polarization is 
equal to the ratio of refraction, may be retained numerically for the 
principal incidence.—The two constants of reflection of metals, namely 
the principal incidence and the ratio of the amplitudes of the two 
components belonging to the ray which is reflected in the angle of 
polarization, and also the azimuth of the reflected ray, must now be 
retained for transparent substances also, however small the value may 
be, which the latter constant generally assumes in this case. Jamin 
notices that the formulae of Cauchy, which included, in addition to 
the ratio of refraction, the coefficient of ellipticity, have been 
retained by the author in their generality, for those substances 
only of which the diamond is the type; as regards other bodies, they 
have been limited, in accordance with the observations which have 
pointed out elliptical reflection as a special case only. These formulae 
now reassumc their universal value. 

Jamin(l) gives an indication of his method when he states that he 
reflected polarized solar light from transparent substances, and, after 
conducting it through two quartz prisms of the same angle, placed 
crosswise, analysed it with a Nicholas prism. The dislocation of the 
parallel fringes invariably indicated a difference of phase existing 
between the rectangular components. 

nretaiilc Reflection. —The laws of metallic reflection have been 
subjected to a new investigation by Jamin(2), with the aid of more 
accurate methods. The numerical results accord to an extent 
hitherto unknown in this kind of research with the formulae of 
Neumann, to whom, however, Jamin docs not at all allude, as 
well as with those obtained by Cauchy, (page 130). 

For the purpose of measuring, (under different angles of incidence,) 
the intensities of the rays polarized in the azimuths 0® and 90®, 

Jamin made use of a flat mirror, composed half of metal and half 

(1) Corapl. Rend. XXVT, 383^ Inslit. 1848, 93; Pogg. Ann. LXXIV, 248, 

(2) Ann. Ch. Phys. [3] XIX, 296; Pogg. Ann. Erganz. Dd. II, 437. 
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of glass, in such a manner that the two plates joined in a straight 
line so as to fonn one plane. The polarized rays were reflected at the 
boundary line, and then received on a doubly refracting prism. Let 
and ^ be the azimuths of the principal section of the prism, for which 
the ordinary image of the metal equals in intensity the extraordinaiy 
one of the glass, and the ordinary one of the glass the extraordinary one 
of the metal, then we obtain, upon the basis of the well-known formulae 
of Fresnel for the azimuth of polarization 0*^: 


= tan.' yS 


sin^ (i—r) ^ 2 (i—r) 

sin^ (i+r) ’ sin^ (i + O* 


and for the azimuth 90" : 


P = tan.®* (i 


tan.®* (i—r) 
tan.^ (i+r) 


cot.®* /Q' 


tan.®* (i—r ) 
tan.'-* (i+r) ’ 


as the light is all but extinguished on the glass plate in the vicinity 
of the angle of polarization, we here meet with a gap of a few 
degrees. As it is necessary to be acquainted with the coefiicient of 
refraction of glass for the calculation of and 1®*, Jamin deter¬ 
mined its value by measuring the azimuth A' of a reflected ray, 

coincident with the azimuth As tan. A' = and consc- 

4 cos (i—r) 


quently tan. r=tan.^^—we may employ various incidences and 

tan. i 

adopt the average value.—A Carcellamp, the flame of which was 
placed in the focus of a lens, aflbrdcd the luminous source; a plate 
of red glass rendered the light homogeneous. Experiments made 
with steel plates and speculum-metal, aflbrded remarkably concordant 
results with the formulae of Cauchy, which we have already given. 

As the difference of phme which increases with the incidence 


0" to 90", from 0 to is ^ for the maximum polarization, two reflec¬ 


tions from the same metal yield, under the principal incidence, the re¬ 
tardation so that we recover rectilinearly polarized light; for the 


condition of the restitution of the rectilinear vibration is known to be, 
that the retardation of one of the two rectangular components is equal to 

n —^When we have three reflections from parallel mirrors, it will be 


necessary to select one angle of incidence larger., and one smaller 
thf'i that of the principal incidence; viz. those which in one reflection 
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yield differences of phase ^ and so that after the last reflections 


we obtain 3 


6 = 2“^*-3 


\ as the difference of phase, 


and, consequently, rectilinear polarization. In short, when we have m 
reflections, there are m — 1 incidences of the restored polarization, 
and it is evident that, by observing them while the number of 
reflections is gradually increased, we are enabled to ascertain experi¬ 
mentally in what manner the difference of phase changes with 
the incidences. Two parallel metallic plates, whose relative position 
could be adjusted by a screw, served as reflectors; it was ascertained 
at what incidence a Nicholas prism exhibited a minimum intensity, 
which was at the same time made more apparent by the transition of 
colour from dark blue to dark purple, the azimuth of the incident 
ray being optional.—Cauchy gives us for the calculation of the 
difference of phase, the term tan. $ = tan. 2 {■>. sin u, in which 

tan. w= ” ;" , u and U retaining the same value they have in the 


preceding formulae. Experiments made with silver, steel, and zinc, 
afforded results agreeing satisfactorily with calculation. 

An easy calculation suffices to prove the following properties of 
the elliptical vibration which a polarized ray assumes, when incident 
under the azimuth a; they are properties which in part relate to the 
manner in which the eUiptically polarized ray is affected by a doubly 
refracting prism. 1. If the principal section of a doubly refracting 
prism is parallel to the axis of an ellipse, one image has the greatest, 
the other, the least intensity; 2. The magnitude of the vibration in 
the direction of the axis is proportional to the square of its length; 
3. Every elliptical vibration may be decomposed into two rays 
polarized in the direction of the two axes, of intensities propor¬ 
tional to the squares of the axes, and of a difference of phase 



4. The two images are equal if the principal section bisects 


the angle of both axes. Jam in has ascertained the position of the 
axes by means of the last theorems, as the position of the principal 
section, corresponding to equal images, having been ascertained, it 
Was merely requisite to enlarge or diminish the azimuth by 45®. 
The measurements, which were undertaken for incidences of 30® to 
86® spcciilum-metal and red homogeneous light being used, agreed 
perfectly with the result of the calculation made by means of the for¬ 
mula;, tan. 2 w=tan. 2 a cos 5; tan. a= ^ tan. a, in which a represents 


Metallic 

reflection. 
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J^he azimuth of the incident ray, and u the azimuth of the axes of 
the ellipse.—Incidentally to this investigation. Jam in also determined 

J3 _ 

the ratio p of the intensities of the rays reflected under the principal 

azimuths. If both images arc assumed to be equal, we obtain for the 
azimuth J the equation of condition cos I tan. 2 w' = — cot. 3 aj 

and by substituting for cotan. 2aits value, and by assuming j == ni. 


2 cot. I tan. 2 w' =-:-m cot. a. 

m cot a 


If the principal section be brought into the plane of reflection the 
result is: 



Hence, the principal section of the analysing prism being in the 
plane of reflexion, it is only necessary, for various incidences, to 
measure the azimuth of the incident light at which the images 
become equal. Experiments made with speculura-ractal, with 
incidences of from 30^’ to 86“, closely agreed with the results of 
calculation. 

The remarks made by Jamiu upon multiple reflections, and par¬ 
ticularly on the position and absolute magnitude of the azimuth of 
the reflected ray, the azimuth a of the incident ray being given, 
contain nothing that is not well known; his measurements made 
upon a plate of copper accord sufficiently with the results of calcu¬ 
lation.—His observations on the reflections from mirrors inclined to 
one another, are also a mere recapitulation of the formulae of 
Neumann and of Brewstcr^s experiments. -* 

Colour of Metals. —Jamin(l) has measured the two constants of 
metallic reflection for silver, bell-metal, steel, zinc, speculum-metal, 
copper, and brass, by placing, in each case, two plates, parallel to one 
another, upon a horizontal graduated circle, and allowing successively 
the various prismatic rays to fall upon them after traversing a 
Nicholas prism, which determined the azimuth of polarization. 
The azimuth, after reflection, was observed by means of a. doubly 
refracting prism, moveable upon the circle. Thqa incidences of 
restored polarization diminish for all metals from the red towards 
the violet, inversely as the angles of polarization for transparent 


(i)Ariti. Ch. Phys. [.'»] XXII, 311; Pogg. Aim. LXXIV, 528; lustit. 1818, 38; 
Coiupt. Rend. XXV, 714 ; XXVI, 83. 
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substances, which increase with the rcfrangibility of the ray. 
regards silver, copper, brass, and bell-uietal, the azimuths dimmish 
from the red towards the violet; for silver, 0®'5', for bell-metal, 

There is a second class of metals, among which are zinc and steel, 
which exhibit a converse deportment. In speculum-metal the azi¬ 
muths diminish from the red towards the green, and again increase 
towards the violet.—By means of the measured constants th&intensity 
of the reflected rays may be easily calculated, according to the 
formula) of Cauchy, which we have communicated above, and the 
cori’ectncss of which has been proved by numerous experiments. 

The following arc the main results of these formulae : 1. All well 
polished metals arc completely white when the incident ray is merely 
tangent; 2. WTien illuminated by light, polarized in the plane of 
incidence, they present a peculiar, very pale light, in which white 
predominates; 3. When illuminated by light, polarized at right 
angles to the plane of incidence, they present a more vivid colour 
with less white; 4. Perpendicular incidence leaves the peculiar colour 
unchanged; the azimuth naturally has no influence. Cauchy's 
forrnulje for the last case, J being the intensity, i the incidence of 
restored polaiization, are: 

cos 


J" = tan. — 45); cos >p = cos 2 A. sin 2 ^arc . tan. = 


sin 




Colour of 
metala. 


a being the initial azimuth, and x, x", x'", the azimuths of the ray 
that is polarized, and then rectilinearly polarized after 2, 4, 6, and 

more reflections, we obtain : 

« ^ 

tan. x' = tan^ A . tan. a; tan. x" = tan.* A . tan. a; tan. x'" = 

tan.^ A . tan. a 


and this afibrds the value of the angle A. 

By this method, J amin calculated the intensities of the principal rays 
after 1 and 10 reflections, and subsequently according to Newton's 
law of colours, (Biot's Physics, t. ill. p. 445,) the colour of the 
metal. Let U be, according to the usual denomination, the angle 
which the calculated colour of each metal forms with the commence¬ 
ment of the red, A and 1— A, denoting in the reflected ray the 
relations of this colour and of the white light; we may then form the 
following table: 
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METALS OF TBR FIRST SERIES. 


1 

1 

After one reflection. 


After ten reflections. 



U. 

A 

1—A 

U. 

A 

1—A 

Copper 

« 

69® 56' 

Orange, very red. 

0-113 

0-887 

43® 29' 

Red. 

0-812 

0-188 

Bell-metal. 

83® 10' 

Orange, yellow. 

0-065 

0-935 

40® 40' 

Red. 

0-767 

0-233 

Brass . . 

103® 13' i 

Yellow. 

0*112 

0-888 

62® 50' 

Orange, very red. 
84® 32' 

Orange, yellow. 

0-349 

0-650 

Silver . . 

890 0' 

Orange, very yellow. 

0-013 

0-987 

0-124 

0-876 


METALS OF THE SECOND SF.RIES. 


180” 67' 

0-021 

0-979 

261® 58' 

0-188 

Blue. 



Indigo blue. 


74® 33' 

0-017 

0-983 

— 22® 50' 

0-089 

Orange, red. 



Violet. 



SPKCDLVM-METAL. 


67" 25' 

0-028 0-9721 

53® 59' 

0-292 

Orange, very red. 

1 

Red, orange. 



0-812 

0-911 


0-708 


TPhpSlI* vnQIlli’G fiillw Vitr if nrr» vOTMitTviKAiF 

that many of the coloars mentioned are almost entirely concealed by 
strong admixtures of white. Of all the metals copper is subject 
to the most remarkable changes of colour when the reflections are 
multiplied. In a single reflection it is pale and scarcely perceptible, 
whereas after 10 reflections, the colour attains a remarkable lustre, 
and a pure purple red. This is almost homogeneous, or undecom- 
posable by the prism. Of all the metals examinee^ steel is the only 
one which remains chiefly white, even when multiple reflections are 
employed. 

Reflection of Ught from Opaque, metallic Crystals. —The reflection 
from transparent crystallized media, examined by Brewster and 
by Seebeck, has been theoretically established by Mac Cullagh and 
by Neumann. This kind of reflection is characterized by the fact, 
that the changes occurring round the same point are not uniform. 
The vibrations which are parallel and at right angles to the plane of 
incidence, retain their direction after reflection in a few well defined 
cases only; generally we find that each of these vibrations yields a 
parallel and perpendicular component. These components, however, 
invariably have phasial diflercnces of multiples of half the circum¬ 
ference of the circle only; the polarization therefore remains recti- 
li. ear. The azimuth depends upon the relation of the amplitudes 
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of tlie parallel and perpendicular component in the reflected ray.—^This 
unknown element does not, however, depend solely upon the angle 
of incidence, but upon the relative position of the plane of incidence 
to the axis of the crystal; and consequently it is altered if the 
reflecting surface revolve in its own plane.—When we have found two 
positions in which the vibrations of the reflected components remain 
parallel to those of the incident ray, we find that a varying ratio of 
amplitudes corresponds to the same angle of incidence, and vice versa; 
this ratio passes through zero for certain angles of incidence, (the angle 
of complete polarization.) For a perpendicular incidence the azimuth 
of polarization generally does not remain unchanged, as is the case 
in homogeneous media.^ On the other hand, the two amplitudes are 
reduced in a similar ratio, and the azimuth of polarization remains 
unchanged for certain oblique' incidences, and for certain peculiar 
directions of the^ilane of incidence only.—^To render the examination 
of all possible phenomena of reflection complete, the investigation 
of reflection from opaque crystallized media was still wanting; this 
has been supplied by Senarmont(l), by means of a very inge¬ 
niously constructed apparatus. This inquirer proceeded upon the 
assumption, subsequently confirmed by the investigation, that these 
bodies would present the peculiarities of crystalline reflection, com¬ 
plicated, however, by the character of metallic reflection, i. e. by 
the variable phasial difference of the two components.—His apparatus 
consists of a graduated circle, (placed vertically,) to which two move- 
able tubes of 20°°* in length are attached; these may be so adjusted 
that the zero-line of division bisects the angle of their axes. A 
support, moveable round a vertical axis, is fixed in such a position 
that the reflecting surface fixed above the axis, is placed in the centre 
of the divided circle and perpendicularly to it, and so that it moves 
in its own plane when the support revolves. A vessel may be 
attached in such a manner that the reflection is effected in the 
interior of a fluid.—^The two tubes, their inferior openings being 
closed by parallel pieces of plate glass, vertical to their axes, dip 
into the fluid. The light of a Car cel-lamp is, in one tube, thrown 
upon a NichoFs prism, which determines the azimuth of the 
incident ray, and then passes through a plate, the two halves 
of which consist of pieces of quartz of equal thickness, cut per¬ 
pendicularly to the axis of the crystal. After reflection the ray 
falls upon a doubly refracting prism, the azimuth of which, as 
well as that of the first prism, may be read off from graduated 
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(1) Ann. Cljem. Phys. [3] XX, 397 ; Pogg. Ann. Eigimz. Bd. 11, 513. 
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circles.—^The expression for the changes efFected in the light is 
obtained by decomposing the polarized ray 2 sin t into two cir¬ 


cular vibrations of opposite revolution, then giving one of the two 
systems a relative retardation decomposing both of them in planes 
parallel and at right angles to that of incidence, assuming the diminu¬ 
tion of the amplitudes equal to h and k, and the phasial difference to 0, 
and lastly by decomposing the vibrations of the reflected ray, in a 
direction perpendicular and parallel to the principal section of the ana¬ 
lysing prism, or in other words, into the ordinary and extraordinary 
spectrum. The vibrations belonging to both spectra may then, if we 
term the azimuth of the incident ray w, and the angle formed by 
the principal section of the analysing prism with the plane of inci¬ 
dence a, be calculated according to the formulae: 


0 ==h sin a cos + wj sin ^*2 ^ "tF ^ — it cos a sin 

/S \ /S 2 JT \ 

E=>li cos acos (2 + wj sin (2 ^ 


/d •X , /d 2 7r \ 
(I +w) sin + 


now if we take tan. a = -ptan. a and tan. a — -g- cot. a, and re¬ 

duce the values accordingly, we shall find the intensities of the 
ordinary and extraordinary image to be proportional, thus : 


Oi =. fh® sin* a -»■ k* cos* ^ ^ 2 o cos 2 ui + sin 2 o sin 2 w cos 0) 1 

' 1 I + sin ? cos 2 a cos 2 « (tan. 2 w — cos ^ tan. 2 a) j 

j-irs 1 — COS 5 (cos 2 o' COS 2 w + siH 2 «' 8in2 WCO8 0 1 

Ei_(h*cos*a + k»8in‘a)j + ^ 2 a'cos 2a,(tan. 2 «- cos 0tan!2a' I 


( 1 ) 


The same formulm serve to represent the intensifies of 0 and E in 
quartz, with contrary revolution, if the sign of ^ be changed. 

These formulae serve to demonstrate the possibility of studying 
qualitatively and even quantitatively all those points which are 
of interest- in the reflexion of light, and for which the means hitherto 
at our disposal had not always sufficed. It may be done by observing 
certain conditions of the-luminous field which are easily recognised, 
as, for instance, the isochromatic state of both segments in one 
image, or in both at the same time, with complementary colours, 
or with identical colours and complementary intensity, or finally 
with identical colours and equal intensity in the ordinary and extraor¬ 
dinary image. Such points are the retardation of one of the two com¬ 
ponents of a determined magnitude, e. g. of J or ^ wave-length; angles 
of incidence for which both amplitudes arc uniformly reduced, the 
existence of an angle of complete polarization; finally, the amount 
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of the differences of phase, and of the term for any incidence. It 

must be observed, however, that in all these cases, k and h were 
introduced on the supposition that the vibrations, which are 
parallel and perpendicular to the plane of incidence, retain their 
directions, a case which occurs if the plane of incidence coincides 
with one of the principal sections of FresnePs plane of elasticity. 
The two segments of quartz in that case will exhibit the same colour, 
provided that the above terms of intewity are independent of the sign 
of g. The conditions are: 

tan. 2 w — costan. 2 a = 0; tan. 2 w — cos . tan. 2 a = 0 ( 2 )* 

If the same azimuth w is to give both images uniformly, we have 


cos <(> (tan. 2 a — tan. 2 a) =0 and this condition is fulfilled if ^ 
when fa) = 0” o%= 90®. 

If, under these conditions, we assume for the analyzer tan. a = 0 
or = 00 , the intensities are h® (1 — cos g), and (1 + cos g), or, 
in other words, the colours are, with the exception of their inten¬ 
sities, complementaiy. On the other hand, if we suppose tan. a=l, 
we have cos 2 a = 2 cos a, and both images have the same inten¬ 
sity and colour.—To allow the azimuth w to retain any value what¬ 
ever when cos ^ = 0, we should have a = a — 45® or 135®, which 
is an impossibility. In this case it is possible to conform to one 
of the equations ( 2 ) only, or if we take an azimuth at random 
for the incident ray, one only of the two images can be uniformly 
colom'cd. If, for instance, we assume a — 45® or 135®, we have 

tan. a = + 

and the intensities, 

4 . h® -f k® ^ ^ 

the ordinary image becomes colourless, the other remaining coloured; 

k 

the reverse occurs when cot a= 4‘-r' The condition expressed in 

11 ^ 

cos ^ (tan. 2 a —tan. 2 o') = 0 , is also fulfilled when tan. 2 a=tan. 2 aV 

i. e. when a = ^ - 1 - a, or when a = ir + a, which formula) lead 

to the equations; tan. a . tan. a' 4-1 = 0 , and tan. a — tan. a = 0 ; 
now, as we have generally 
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the above conditions can only be fulfilled when h = k, in which case 
the two images- arc always complementary; or when h = 0, in 
which case we presuppose the existence of an angle of complete 
polarization, the intensities being sin^ a (1—cos 3), and cos® a (1—cos^), 
when the pictures, therefore, present the same colour and comple¬ 
mentary intensity. — If the analyser be placed so that the ordinary 
image has a uniform colour, we have tan. 2 a cos 0 = tan. 2 w, and the 


two values a and + o, which satisfy this equation, yield two posi¬ 
tions of the analyser : 


^tan. a = tan. a; ^ tan. t£ = tan. + a ^ 
and hence we deduce : 

h® sin (a + a') 

rs = — cot a cot a': cos = tan. 2 <•>. , > 

f ^ ^ — sin y a . sm 2 a 


Consequently, if we fix the azimuth of the incident ray, and measure 
the two conjugate azimuths a and a' of the analyzer, which, e. y. 
render the or^nary image of uniform colour, it is possible to 
calculate for any incidence, the phasial difference </>, as well as 
the relation of the amplitudinal diminution. Moreover, we obtain 
by the formulse (1), which have already proved so serviceable in 
interpreting the phenomena presented by the apparatus above 
described, the means of recognizing whether a change of signs has 
taken place in cos ^; in fact, whether ^ has passed through 90” or 
270”, which may occur either by gradual progression, as is the case 
in metals and highly refractive or opaque metallic crystals, or sud¬ 
denly (p. 140), as in homogeneous media. Let the first formula (1) 
be differentiated in reference to a, and ta be elimin^cd by means of 
the equation tan. 2 w = cos ^ tan. 2 a, and a = a = 0” or = 90”, 
which is identical with a reduction of the ordinary image to uni¬ 
formity, and with placing the principal section of the analyser, 
parallel or-perpendicular to the plane of incidence,—^then we get 

d O o 1.1 • s 

j— = — 2 h k sm ^ . cos ®. 

d a . 

It is necessary, according as h and k are of the same or contrary 
signs, or, if these magnitudes be looked upon only as absolute values, 
according to the denomination of cos to rotate the analyser 
slightly to or from the stated position, if it be intended to 
produce the same change of colour.—By this means we are, for 
instance, enabled satisfactorily to determine by mere inspection, that 
the difference of phase between the component rectangular vibrations, 
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when their flection takes place from opaque homogeneous media, is 
180®, calculating from the perpendicular incidence to the angle of com- ®p*- 
plete polarization, and 360® from this angle to the tangential incidence; taiite cry- 
h 

at the same time assuming the value 1, 0, 1 at the three boundary 

points respectively, as required by FresnePs formulse. The angle 
of complete polarization may, as we previously remarked, be as¬ 
certained by means of the apparatus, by the condition, that 0 
and £ present at the same moment, the same colours for all 
azimuths of the analyser. Senarmont ascertained the angle of 
polarization to be for water = 53® 6', for fluor spar = 55® 1', for 
refined oil of beechnuts = 55® 43'.—In metals, the phasial difference 
of the two rectangular components is 180®, for perpendicular incidence; 
at the maximum polarization, it passes through 270®, and increases to 

360® for tangential incidence. The corresponding values of ^ 

are 1, minimum, 1. Senarmont found the angle of polarization 
in various specimens of galena to vary from 75® 13' to 75® 22', for 
steel 75® 27', for mint-alloy 73® 33'.—^Transparent, highly refracting 
bodies, to a certain extent (pp. 132 and 133) form a connecting link 
between homogeneous transparent and metallic media, the amplitude 
of the vibration in the plane of incidence passing through a very 
small minimum value, near to which the difference of phase 
passes very rapidly from 180® through 270® to 360®. The azi¬ 
muth of the incident ray, or of the analyzer being zero, we find 
that blende, or sulphide of arsenic, present the ordinary image 
of a pale, though distinct green, and the extraordinary one of a vivid 
rose-colour; a slight revolution of the analyzer causes the former to 
pass into a pale and almost ccdourless tint, which is immediately 
followed by rose-colour. 

As regards the transparent, doubly refracting substances, which 
have been already very fully discussed, Senarmont has confined 
himself to the examination of two cases, which Seebeck appears to 
have neglected; he determined the oblique incidences in which 
the two components are reduced in equal ratios, so that the azi-. 
muth of the incident ray remains unchanged; and he also ascer¬ 
tained the mutation of the azimuth in perpendicular incidence. Both 
phenomena occur also in opaque metallic crystals; the second is even 
exempt from the complication which arises from elliptical polariza¬ 
tion. — We do not obtain equal amplitudes of the component vibra¬ 
tions in the reflected ray for any incidence, when the plane of 
incidence is parallel with the principal section; it was, therefore. 
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placed at right angles to the latter, and w and a being assumed at 
45®, the crystal was successively immersed in air, water, and refined 
oil of beechnuts (n = 1’470). The values of the amplitudes are 
calculated according to the formulas of Neumann (1): 


Inclination of the 
reflected surface 
to the axis. 

• dhserved 
incidences. 

Calculated values. 


I. 

J. 

45® 23' 

16“ 00' 

— 0-252 

+ 0-246 

in air. 

0 7 

23“ 47' 

— 0-2188 

+ 0-2190 


45® 23' 

26 15 

-- 0-1718 

+ 0-1704 

ill water. 

0 7' 

33 0 

— 0071 

+ 0-1072 



75 59 

— 0-551 

— 0-543 


. 45“ 23' 

36 16 

— 00653 

+ 0-0656 

in oil. 

0 7 

>45 0 

— 0-0087 

+ 0-011 



51 7 

— 0-0109 

— 0-011 



In order to examine the second phenomenon, Senarmont directed 
light, polarized externally to the plane of incidence, in an angle 
difiering from that of polarization, upon a thin glass plate with 
parallel surfaces. , The reflected portion falling on an horizontal 
mirror, returned upon itself, so as again to impinge upon the plate 
of glass, passing through which it at length reached the analyzer, 
a doubly-reflectmg prisip.j this contrivance strongly resembles Nor- 
renberg’s polariziug apparatus. Let n and m be the diminutions 
of the amplitudes for the vibrations that are parallel and perpendicular 
to the plane of incidence of the glass plate, in so far as they are 
produced by reflection from the plate, and by fourfold refraction by 
this and the liquid surface ; let h and k be the cq^ificients of the 
reduction suffered by the vibrations, which are parallel and at right 
angles to the principal section of the crystal,—we find that if the 
principal section coincides with the plane of incidence of the glass 
plate, the. vfl)rations reach the analyzer with the amplitudes 
nhcoscD -and in k sin oi, and if the principal section is at right 
angles to the plane of incidence, thg amplitudes are n k cos u 
and m h sin la. If we term the azimuths of the emergent ray a 
and a", we have- 

m h , m h . , h^ tan. a' 

tan. a = •—r tan. w, tan. a =—r tan. w and rv= — . 
nh nk k^ tan. a 

According to FresnePs theory, a vibration with perpendicular inci- 


(1) lathe Memoirs of the Berlin Academy for 1835; Journ. de Math, de Mr, Liou- 
ville 
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dence suffers by reflection a redaction of ^I representing the 
velocity of propagation in both media. In calcareous spar this ratio 
is for the vibration, perpendicular to the principal section, ™ 


m + 1' 


for the parallel one where u = , 

H + l V 

, h fi — 1 m + 1 

so that r =- - 5 . -r- 

k + 1 m — 1 

vation was: 


m m 


cos® A + m'* sin^ A 
For a = 45® the result of the obser- 


Inclination of the 
reflecting surface 
to the axis. 

Values 

of a'. 

Values of ll. 
k 


Observed. 

Calculated. 

0 " r 

31® 42' 

0-7859 

0-7894 

in air. 

45® 23' 

38 32 

0-8924 

0-8902 


0 7 

13 42 

0-4937 

* 0-4902 

in water. 

45 23 

28 18 

0-7329 

0-7355 


0 7 

0" 26 

0-08697 

0-0752 

oil. 

45 23 

0 3 

0-02954 

0-05184 

r 


The last observations alone differ perceptibly from the thedretical 
results, as the measured angles are small^^ and the errors of observa* 
tion consequently exert too extensive an influence, 

Senarmont found, that, of the opaque metallic crystals/ tersulphide 
of antimony was the best adapted for his investigation. It crystal¬ 
lizes in right rhombic prisms, the plane of cleavage bisecting the angle 
of the optic axes, and containing the axis perpendicular to it. If the 
cleavage-surface be adjusted in such a manner that it may be rotated 
in its plane, both images simultaneously assume an uniform eolour, 
under an incidence of 78® 3(y, when the plane of incidence is paral¬ 
lel to the axis of the crystal, and under an incidence of 76® 40' when 
perpendicular; this corresponds, in every case, to the difference of 

phase, If in either of these two positions, and under any 

incidence, one of the images has its halves rendered uniform, 
the tints of colour of the halves diverge as soon as the mirror 
is turned ; the contrast attains a maximum when the plane of incidence 
has assumed an opposite position to the crystalline axis.—^Whenever 
the ordinary image is reduced to uniformity, the two segnients of E 
appear in colours, the' contrast of which at first increases as the 

VOL. I. L 
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incidence diminishes, but, finally, again becomes less. At an angle 
of 18*^ 30', the two images become uniform and complementai^, 
the plane of incidence being parallel to the axis. In that case 
l^s 

we have = 1. If the incidence diminishes still farther, the 

images cease to be uniform at the same time, w^hatever may be the 
position of the crystalline axis. In this manner all the characters of 
crystalline reflection are obtained in the most perspicuous manner, 
and Senarmont has not neglected to add many numerical determina- 
tiou8(l).—^The perjiendicular reflection from tersulphide of antimony, 
presents the same peculiarities as those of calc-spar j the double refrac¬ 
tion, however, appears to be less powerful, and we meet with a weak, 
but distinct dispersion of colour. — The two positions of the plane 
of incidence, of which we have hitherto sj)okcn, coincide with 
two principal sections of I'l’csncl’s plane of elasticity. If the axis 
of the crystal be inclined obliquely to the plane of incidence, neither 
of the two images vanishes if the double quartz prism be removed, 
and the principal sections of the Nicholas prism and the analyzer 
be placed parallel, or at right angles to, the plane of incidence; 
a deportment which indicates a deviation of the plane of polarization. 
In order to ascertain whether the ray is elliptically polarized, the 
reflected ray has to be analysed by means of a plate of calc-spar 
(placed perj)cndicularly to the axis) and of a tourmaline; we then 
observe a displacement, though slight, of the black cross and of the 
rings, yet only when the incident vibration is parallel to the plane 
of incidence, or when the incidence is not less than from 75° to 
80°.—Thus we have, in opaque crystals, a combination of the 
characterfi of metallic and crystalline reflection; the^act of double 
refraction taking place in opaque bodies has been satisfactorily 
proved by the above researches, and a gap, previously existing in the 
experimental confirmation of the undulatory theory, has thus been 
very happily filled up. 

ncpoiariziitioii of —^Dove(2) remarks, that when light is 

thrown perpendicularly upon a rough surface, such as a white wall, 
it is uniformly dispersed and reflected; whereas the light thrown back 
by the surface of a mirror externally to the plane of incidence, i. e. the 
dispersed light is polarized in the plane in which it is observed. If a 
varnished oil painting is viewed with a Nicholas prism, the glare 
disappears. To confirm the view that natural light docs not consist 

(1) Ann. Ch. Phys. [3] XX, 436; Pogg. Ann. £rganz.-Bd. II, 5.^2. 

(2) Berl. Acad. Ber. 1847, 75 ; Pogg. Ann. LXXI, 115; Phil. Mag. [3] XXX, 469. 
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of two components, polarized vertically to one another, but of 
vibrations perpendicular to the ray in every possible direction. Dove 
ground a conical aperture into a thich plate of glass, and directed 
sun-rays through an annular opening, perpendicularly upon the larger 
base of the truncated cone j at the ground lateral surface, the angle 
of the apex of the cone being 70® 50', they were polarized in every 
possible azimuth, and intersected one another after reflection in one 
point. This light exhibited the same deportment with a plate of 
mica and with an analyzer, as natural light would do. . 

Newton’s Rlnffs. —Brucke(l) has attentively studied the order of 
colours in Newton*a rings; he closely examined the colours of thin 
plates of gypsum in the polarizing apparatus, under a very gradual 
increase of thickness. In the detailed description of the colours of 
the six first series, he gives some corrections of the Newtonian 
scale. 

Nobiii’s Rings.— ^Becquerel has given a good method for 
obtaining the coloured rings discovered by Nobili, which are formed 
by precipitation of metals on a metallic surface, placed as the one 
electrode vertically opposite to, and at a certain distance from, a 
metallic wire as the other. These, we arc told by Becquerel, may 
be readily obtained in the following manner: a thin layer of a solution 
of protoxide of lead in potassa is poured upon a plate of German 
silver, the free end of a very fine platinum wire sealed according to 
Wollaston^s method in a glass tube, being immersed in the solution, 
and placed in communication with the negative, whilst the disc is 
connected with the positive pole of a voltaic battery of from 8 to 10 
elements.—Beetz(3) finds, however, that electro-gilt plates of silver 
or platinum are better adapted for obtaining annular systems of 
great regularity. As the thickness of the metallic deposit diminishes 
from the centre towards the margin, the rings present the inverse 
arrangement of the Newtonian rings; in both cases, however, the 
same explanation serves. 

For the purpose o| establishing a more accurate theory of the 
phenomenon, E. Becquerel represents the diminution of the 
thickness of the metallic layer from the centre to the circumference 

A 

by the equation y = A being a constant, m the distance 

between the apex of the pole and the disc, x the distance of the 
point under examination from the centre of th^ system of rings, 

(1) Pogg. Ann. LXXIV, 582. 

(2) Ibid. LXXI, 71; Phil. Mag. [3] XXXIII, 7. 
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and y the thickness of the metallic layer; it is* based upon the 
law of Ohm.—If m may he neglected with respect to x, the 

above equation is simplified, and y = —; Becqucrel states, that 


two series of observations accorded with this assumption. l)u 
Bois Reymond(l) considers this accordance inexplicable, the 
equation being based upon an en’oneous theoiy. The cur¬ 
rents proceeding from every point of the pole expand conically 
towards the. plate; if this circumstance be introduced in the 
formula by the assistance of the higher branches of mathematics, 
and still following the law of Ohm, we obtain the equation: 
A 

y =: --T7.- ^ -, p being the radius of the wire used 

(x" + m") ( V x" + nr^ — p) 

as the pole. If we may neglect p and in in relation to n, we obtain 
A’ 

y = —; so that the thicknesses of the deposit stand to one another 
>>c 

in the inverse proportions, not of the first powers, but of the cubes of 
the distance from the centre. Beetz undertook to verify this 
equation experimentally by measuring the radii of the dark and 
light rings (in the second series) when under monochromatic illumi¬ 
nation by the portions of the spectrum which correspond to the 
lines B, D, E and E. The concordance was extremely satisfactory, 
whereas with BecquereEs equation there are considerable discrepan¬ 
cies.—As according to the measurements of Beetz, the refracting 
index of binoxide of lead is l-964<, or less than that of gold, the 
even products of the cubes of the radii in the case of the dark rings, 
and the uneven products in that of the light rings, slqjuld yield nearly 
constant values. This, too, was sufficiently confirmed with the 
exception of the two external rings, which on the boundary line of 
the plate were necessarily presented too small, from the charge being 
more powerful in the centre; and this error was moreover increased 
by the neglect of m. 

Phenomena of thin Plates in Polarizea lilshii^We abstain from 
analysing a treatise of Brewster(2), on the phenomena exhibited 
by thin plates in polarized light communicated in the PXi/, Mag. 
of 1848; this investigation, originally published in the Philos. 
Tram, of 1841, having appeared in other joumals(3) previously to 
the period which this report embraces, we limit ourselves to an out- 


'\) Vogg. Ann. LXXI, 71; Phil. Mag. [3] XXXIII, 7. 

Phil. Mag. [3] XXXII. 181. 

0) Pogg. Ann. LVIII, 453, 549. 
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line of the chief results. If two polarized pencils of light, which are ni Kwi" 
reflected from the surfaces of a thin plate lying upon a reflecting polar) xed 
surface of another refractive power, interfere with one another, 'we *’*‘**' 
do. not lose half an undulation, or we obtain rings with a white 
centre, provided the mutual inclination of the plane of polarization 
be more than 90*^. ‘ If this inclination be less than 90® half an 
undulation is lost, aud rings are formed with a black centre; lastly, 
if the inclination be exactly 90® there is no interference of, the pen¬ 
cils, and no rings arc produced. 

Theory of the Black Spot lit the Centre of Newton’s Rlnss.— 

G. Stokcs(l) has studied the theory of the black spot in the centre 
of Newton^s rings. His formulae of intensity for the reflected light, 
prove, in addition to the results with which we are acquainted, that 
when the angle of incidence lies between the angle of total reflection, 
and another value represented by a simple term, the spot is larger in 
light polarized perpendicularly to the plane of incidence, than in light 
polarized in this plane. This result is confirmed by observation. 

Iridescent Silver.— ^Brewster discovered, in 1829, that the irides¬ 
cence observed in mother-of-pearl may be transferred to lead, tin, 
and fusible alloy, by a mere impression of the surface. As the 
appearance is transitory, on account of the oxidizable nature of 
these substances, Brocklesby(2) has proposed to transfer it to 
silver by galvanism, by introducing the fusible alloy after refrigera¬ 
tion into a solution of cyanide of silver as the negative pole of a small 
battery. 

Iridescent Copper. —Dove(3), in reference to this point, com¬ 
municates the fact of his having, as early as 1839, obtained galvano- 
plastic impressions of iridescent buttons in copper. 

Iridescent Surfaces of JHlnerals. —Ilausmann(4} has given a 
synopsis of all the cases in which minerals present iridescent surfaces, 
and has reduced the phenomenon to its various causes. The 
phenomenon as in blue steel, always depends upon the formation of a 
superficial layer heterogeneous from the rest of the mineral, and 
which is penetrated by the light. Such an heterogeneous layer 
either consists of a deposited film of another mineral, such as 
hydrated sesquioxide of iron, (e. g. upon specular iron ore), or 
of manganese, or depends upon a chemical alteration of the mineral 


(1) Iiistit. 1848, 290. 

(2) Sill. Am. J. [2] I, 112; Pogg. Ann. LXX, 204. 

(3) Pogg. Ann. LXXI, 246. 

(4) Instit. 1848,150; SiU. Am. J. [2] VI, 254. 
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surface, viz. an oxidation which is generally attended by an absorp¬ 
tion of water, being associated with, or independent of the elimination 
of Another element. 

Among the minerals altered by oxidation, arsenic is distinguished 
by the rapid transition of the polished surface to the iridescent 
condition; in vacuo, however, or in dry air, it remains unchanged 
for many years. Bismuth, tin-white cobalt (smaltine), hard cobalt 
ore, arsenical iron (mispickel), bright white cobalt (cobaltinc), 
arsenical nickel (nickcline), galena, and magnetic iron ore, belong 
to the same class. Among the minerals which become iridescent 
by oxidation, combined with the elimination of an element, we find 
a series of sulphides, which are converted into oxides and hydrates, 
such as ordinary, radiated and magnetic iron pyrites, common and pur¬ 
ple copper pyrites (chalkosinc and phillipsine). In the last mineral, 
the moisture of the atmosphere gives rise to the decomposition at the 
surface. The surfaces remain fresh, without a trace of iridescence, 
when exposed over sulphuric acid, under a glass bell; whereas, they 
become coloured in two hours if water be placed under the bell. 
Again, grey-antimony (stibine, tersulphide of antimony), zinkenite, 
feathery-antimony, dark-red silver (argyrythrose, sulphides of anti¬ 
mony and silver)^ and fahl-ore (grey-copper), also belong to this 
class. Oxidation, with an elimination of water, is the cause of 
iridescence in manganese; oxidation, with elimination of carbonic 
acid, in spjiffirosidcritc (siderose)) ironspar, manganese-spar, magneso- 
calcitc (bitter-spar), and magnesite. Iridescence is caused by the elimi¬ 
nation of hydrosulphuric acid in argyrose (sulphide of silver). In 
all cases in which iridescence depends upon oxidation, its production 
may be accelerated by raising the temperature. Tlte changes of the 
surface are not always the same when occurring at high, and at 
the ordinary temperatures. In many minerals heat produces a 
vitrefaction of the superficial layer, as in lepidomelane, ilvaitc 
(lievrite), arfvedsonite, and gadolinite.—Again, there are other 
minerals which merely present iridescent scales on the surface, such 
as ilvaite, thallite (epidote), the brown varieties of mica, and other 
silicates. 

metallic Lustre of ciystais. —Haidinger(l) has contributed to the 
doctrine of the colours in crystalline bodies, by an investigation of 
the metallic lustre which gives to many crystals so splendid an 
appearance. This lustre proves, that not only the colours of the 
transmitted, but also of the reflected light, are dependent upon the 


(1) Pogg. Ann. LXXI, 321. 
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position of the planes of crystals relatively to their axes. If we term 
the ordinary image of the dichroscopic lens 0, and the extraordinary 
one E, the results of the observations are as follows. 1. Platino- 
cyanide of potassium, in light transmitted, perpendicularly to the axis, 
is pale sulphur-yellow, parallel to the axis, sky-blue. In reflected 
light, the plane of incidence being perpendicular to the axis, 0 with the 
lustre of glass, E without lustre; the plane of incidence being 
parallel to the axis, 0 shining and colourless, E with a blue lustre ; 
when reflected from the terminal surface, 0 and E equally blue. 
2. Platinocyanide of barium, in transmitted light: 0 of a pure 
yellow, E yellow, with an admixture of red and green. In reflected 
light, the plane of incidence perpendicular to the axis: 0 white, 
E colourless and lustreless; the plane of incidence parallel to the 
axis: 0 white, and E azure-blue. If the crystal be turned to the 
light, in such a manner that it is illuminated by one of its terminal 
surfaces, the edge formed by the latter and one lateral surface, appears 
with a rich green lustre, which, under the dichroscopic lens, passes 
entirely into the image 0, whereas E presents the pure yellow 
transition-colour. These examples will suffice to exhibit Haidin- 
ger^s mode of observation. In addition to the salts which we have 
mentioned, he also examined platinocyanide of magnesium, which 
is carmine in transmitted, green, and blue in reflected light; mur- 
exidc, which in transmitted light is dark-red, in reflected light, green 
with a gold lustre; hydrokinone, greenish-black with a greenish 
yellow metallic colour; oxalate of protoxide of platinum, which 
from an olive-green solution, is deposited with coppery red metallic 
lustre, and which also presents blue, brown and dark-blue colours; 
indigo, copper-red, gold-yellow, and brass-yellow. Haidinger(l) in¬ 
terprets these phenomena by assuming an additional stratum of an 
ether of peculiar constitution, at the boundary plane of two optic me¬ 
dia ; the first plane of which gives a reflection of white light, and from it 
the double refraction and dispersion of colours, arc also found to pro¬ 
ceed. A reflection of a portion of one coloured image results from the 
second plane: thus, for instance, it is the green colour of the extraor¬ 
dinary ray which is strongly reflected from the platinocyanide of 
magnesium. This explanation is perfectly arbitrary, as we know of 
no other optical phenomenon which warrants the assumption of a 
peculiar stratum of ether at the surface. 
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(1) Pogg. Ann. LXX, 574. 
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Simple Refraction of Light. New Expression for the Law of 
Refraction. —Minding(l) has communicated an expression of 
SnelPs law of refraction, which appears more adapted than the 
usual one for many purposes. Two dioptric theorems, the one by 
Dupin and Malus, the other, by Gergonne, are proved in a more 
simple manner according to Minding^s new formula, than they 
were by their discoverers. The following is the expression of the 
law of refraction: There is a constant relation, viz., that of the 
ratio of refraction, between the cosine* of the inclination of the 
prolonged incident ray, to a linear element, which is drawn arbi¬ 
trarily from the point of incidence upon the boundary plane of the 
refracting medium, and the cosine of the inclination of a refracted 
ray to the same linear element. Assuming ri and v to be the 
angles formed by the prolonged incident and by the refracted ray, 
with the linear element lying in the plane of incidence, ^ and to 
be the angles formed by these rays with another element that 
is placed in the refracting plane, we obtain : 

. / T 

= nsm^y — 1? 




I, or cos = n cos n , 



and if S is the angle of both elements, cos ^ = cos i? cos ^; cos ^ 
= cos rf cos 5, and also cos 5 = n cos which contains the above 
proposition. 

Ratio of Refraction of Ice. —Bravai8(2) has measured the ratio 
of refraction of ice by the aid of Wollaston's goniometer, and 
has obtained the following values; 


Middle of the red , . . 1*3070 Middle of the green . . 1*3115 
„ „ orange . . 1*3085 „ „ blue. « . 13150 

„ „ yellow . . 1*3095 „ „ viotet . . 1*3170 

Caustics. —^Airy(3) gives us an appendix to his Treatise on the 

Intensity of Light in the vicinity of a caustic. ])e Morgan has 


furnished a series for computing the integral ^ d w cos — m w) 


whereas Airy, in order to avoid the integral cos d, which 

he considered obscure, formerly had recourse to the method of qua¬ 
dratures. Both methods give concordant results. 


Dispersion of Colours. Composition of the Spectrum.— 

Brewster(4), as is well known, several years ago proposed the 


(1) Petenb. Acad. Bull. V, 113; Fogg. Ann. LXX, 268. 

(2) Ann. Ch. Phys. [3] XXI, 361; Pogg. Ann. Ergwz.-Bd. 11, 576. 

(3) Phil. Mag. [3] XXXIII, 311. (4) Edinb. Trans. XU, 123. 
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view that the spectram consists of three fundamental colours, redy 
yelloWy and hhjt£y which, extending with unequal intensity over the 
entire length of the spectrum, thus not only produce the mixed 
colours, orange, green, and violet, but also distribute a quantity of 
white light over the spectrum, which he supposed incapable of 
analysis, because it consists of different coloured rays of simildr 
refrangibility. This view was suggested by the character of the 
spectrum when examined with coloured absorptive media, as for 
instance, smalt-blue glass. Red is seen in this^ case in direct juxta¬ 
position with vivid pure yellow, orange having disappeared, &c. 
Airy(l) has made an attempt to prove that the results obtained by 
Brewster were due to imperfect observation; he states that the modi¬ 
fied spectrum should be compared directly with one unmodified, and 
that all other light should be carefully excluded; as he remembered 
having, some time since, instituted careful experiments with absorp¬ 
tive media, the results of which were at direct variance virith Brewster's 
views. Brew8ter(2) has, however, completely refuted this attack, by 
remarking that, in his observations, all those points have been at¬ 
tended to, that llcrschel has obtained similar results, and that an 
experiment, which is imperfectly related from memory, is neither 
qualified to upset his results, which have been obtained with hundreds 
of absorj)tive media, nor to be handed down to posterity by the 
historian of the inductive sciences (Whcwcll) as an undoubted fact. 

Analysis of Sunlight. —Melloni(3) reports on Draper's investi¬ 
gation of the development of light by heating, and, at the same 
time, critically examines the experiments of Brewster, which 
have just been -mentioned, on the constitution of the prismatic 
spectrum. Mclloni thinks that this philosopher allowed himself 
to be deceived by the efiect of a complex spectrum; in the homoge¬ 
neous or elementary spectra, which Mclloni claimji to have em¬ 
ployed in his experiments, he states that he never saw yellow in 
juxtaposition with red, when the orange was removed by an absorptive 
medium. Brewster(4) very justly and positively objects to the 
insinuation, as well as to the entire critiques of Draper and Melloni 
as altogether inappropriate. 

liOUKitudlnal Strlas In the iolar Spectrum. —If we permit the pas¬ 
sage of sunlight through a small opening into a dark room, by means 


(1) Phil. Mag. [3] XXX, 73; Pogg. Ann. LXXI, 393. 

(2) Phil. Mag. [3] XXX, 153; Pogg. Ann. LXXI, 397. 

(3) Phil. Mag. [3] XXXII, 262; Pogg, Ann. LXXV, 62; Arch. Ph. Nat. V, 238. 

(4) Phil. Mag. [3] XXX, 461; XXXII, 489 ; Pogg. Ann. LXXV, 81. 
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heliostat, we observe in the prismatic spectrum^ especially as 
opening is reduced, a greater or less number of longitudinal striae, 
trum. which Zantedeschi(l), Ragona-Scina(2), and Wartmann(3) 
have attributed, strangely enough, to reflection, refraction, dispersion, 
interference, and deflection; whilst Knoblauch and Karstcn(4), 
K'uhn(5) and Crahay(6) proved with facility that those striae were 
solely attributable to imperfections of the apparatus, roughness of 
the edges, particles of dust on the mirror and in the opening. The 
first three physicists would appear to have worked on this subject, with 
a view to undermining old established facts. One of them sees 
the longitudinal striae better when the opening is broad; the other, 
when it is narrow; the three observers admit that the striae depend 
upon the apparatus, and Zantedeschi, in consequence, supposes 
that Frauenhofer overlooked the dependence of his lines (the 
transverse lines) on the character of his apparatus. The theoretical 
discussion is obscure and unintelligible. 

Theory of Natural Colours. —^J. Mfiller, of Freiburg, is engaged 
in an explanation of the natural colours; he proceeds upon the 
assumption of Wrede(7), that colours are caused by the interference 
of rays reflected at the surface, and at various depths of substances. 
Mfiller(8) conducts the sunlight by means of an heliostat through a 
vertical fissure into a dark room, and directs it through a second 
fissure upon a prism of flint-glass. The spectrum is received upon 
a screen of transparent paper, which is graduated horizontally into 
inches and lines. By means of this contrivance, several of Frauen- 
hofer's lines may be observed, and their distances compared; this 
apparatus also oflers the advantage over examination by the teles¬ 
cope, of a complete survey of the spectrum. If, previously to analysis, 
the light passes through coloured media, broader or narrower 
shadows, or very numerous narrow black lines, or both phenomena, 
may be observed in the spectrum. The first correspond to the 
powerful colours of the lower order, the second to the paler colour, 
or the white of a higher order, the third to combinations of the 
lower and higher orders of colours. Similar phenomena are obtained 


(1) Raccolta Fisico-Chiniica Italiana, 1840,1, 373. 

(2) Raccolta Fisico-Chimica Italiana, 1847, II, 483; 1848, III, 17. * 

(3) Arch. Ph. Nat. VII, 33 ; Phil. Mag. [3] XXXIl, 499 ; Instit. 1848, 99. 

(4) Pogg. Ann. LXXIV, 389. 

(5) Ibid. LXXV, 455. 

(6) Instit. 1848, 268. 

(7) Pogg. Ann. XXXIll, 353. 

Ibid. LXIX, 93; LXX, 115. 
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by analysing interference-colours by the prism j which was effected 

in a very convenient manner by Muller(l), by conducting the light coiouw. 

previous to analysis through lamin8e of gypsum of various thickness. 

When these were inserted between two NichoPs prisms, whose planes 
of polarization, either parallel or perpendicular to the plane of vibration 
of the gypsum-plate, formed an angle of 46”, the colours of polariza¬ 
tion were produced, the origin of which, as due to interference, has 
long since ceased to be a matter of doubt, and for which those 
coloured rays which become extinguished, may be anticipated by calcu¬ 
lation. The purple of the second order causes a dark streak in the 
yellow, in the yellow of the second order the purple end of the 
spectrum is* extinguished, the colours of the fourth order already show 
two dark streaks, and if successively thicker laminse of gypsum arc 
employed, we obtain 3, 4, 5, and finally, a great number of fine 
dark strise. If three NichoPs prisms be employed, and between each 
pair a gypsum-plate be introduced* in the proper position, we obtain 
combinations of two colours. If a lamina of gypsum, exhibiting the 
purple of the second order be combined with another which is 
sufficiently thick to appear white, prismatic analysis gives rise to a 
plienomenon, which presents some similarity to the colour of iodine- 
vapour. 

In order to obtain further materials for the elaboration of the 
theoiy, Muller(2) has analysed prismatically the light of 13 coloured 
liquids. For this purpose he placed a layer of a very concentrated 
liquid, contained between flat pieces of glass, before the second fissure 
of his apparatus (vid. supra), and then read oflF upon the graduated 
screen, the length of the colour-spaces thus extinguished; the same 
process was successively repeated after the addition of an equal quan¬ 
tity of water, &c. A solution of Paris-blue in oxalic acid (blue-ink) 
yielded the following results; whilst the entire spectrum extended 
between the divisions 44 and 70, 


the concentrated solution gave light between 

52 

and 

58 

Diluted -. 

50 

ff 

60 

49 

ff 

62 


47 

99 

63 

iNr 

46 

99 

64*5 


45-5 

99 

65*5 


From these results Miillcr has constructed curves representing 
synoptically the deportment of the spectrum ,undcr these circum¬ 
stances. In addition to those for the liquid' above-mentioned, 


(1) Togg. Xm. LXIX, 98, LXXI, 91. 


(2) Pogg. Ami. LXXIl, 76. 
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similar curves have been constructed for sulphate of copper and 
colours, ammonia, solution of indigo, chrome-alum, tincture of litmus, mixture 
of bichromate of potassa with sulphate of copper and ammonia, 
mixture of safflower with blue ink, green ink, bichromate of potassa, ^ 
solution of sesquisulphocyanide of iron in water, etherial solution of 
sesquisulphocyanide of iron, and carmine.—^Thc phenomena exhibited 
by bichromate of potassa were very striking. A saturated solu¬ 
tion, which was so pale that no very considerable absorption was to 
be expected, completely extinguished all the light from green to 
purple, whilst yellow, orange, and red passed through undiminished. 
When a concentrated solution was employed, the light extended 
from 63 to 69 of the scale, when diluted to tVj only from 61 to 
70; and it was not until a dilution to -.jV had taken place, that 
a faint glimmer appeared; even when the dilution was carried to 
the purple end of the spectrum was still invisible. * We have 
still to look for a theory by which to account for these phenomena. 

Brucke(l) has observed that a cuneiform lamina of gypsum, 
introduced between parallel Nicholas prisms, presents at its thinnest 
part a gradual transition from white to brown; and that lavender 
grey is the complementary colour of this brown when the NichoPs 
prisms cross one another. He has published this observation 
under the heading, '^on the Nature of the Colour Brown.” 

Durocher(2), Martin8(3), and Collomb(4) have communicated 
remarks upon the colour of glaciers, and of the water issuing from 
them. 

Dlspepslon of Llsht In the Interior of Solid and Fluid Bodies.— 
J. Hcrschel attributed, to a superficial dispersion, the colour pre¬ 
sented by some varieties of fluor-spar, and by solution of sulphate of 
quinine under reflected light, and which is diflerent ^rom the colour 
produced by transmitted light. He termed this phenomenon cpipo- 
lism. Brew8ter(5) now shows that if intense pencils of light be 
employed, the phenomenon is clearly proved to depend upon dis¬ 
persion taking place at a considerable depth in the interior of the 
substance~and that it may be observed in a large class of substances, 
such as various greenish kinds of glass, numerous solutions of 
vegetal substances, e. g. the colouring matter of laurel-leaves, 
orcine-resin, black tea, the seeds of eolchicum autumnale, and sul- 

(1) Pogg. Ann. LXXIV, 461; Phil. Mag. [3] XXXIII, 281. 

(2) Ann. Ch. Phys. [3] XXI, 488; Compt. Rend. XXIV, 677, 

(31 Ann. Ch. Phys. [3] XXII, 496; Compt. Rend. XXIV, 545. 

(4) Compt. Rend. XXIV, 1093. 

(5) Phil. Mag. [3] XXXII, 401; Pogg. Ann. LXXIII, 531. 
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phate of strychnine. The dispersion of the entering pencil attains 
its limit when all the dispersible rays have, been eliminated, and in ‘^J"*** 
sulphate of quinine this is the case at a trilling depth, hence the ■olid and 
remarkable epipolism of this substance. The dispersed pencil of light ^ea.' 
is polarized principally in the plane of reflection. The solution of 
Prussian blue exhibits distinctly the change of colour accompanying 
the change of the azimuth in which the ray is examined. It is 
blueish at 90^’, carnation-red at 100®, greenish at 120“, blueish at 
150“, carnation at 170“. 

Pieochrolsm of the Amethyst.— Haidinger(l) has added to his 
observations on the pleochroism of crystals(2), an analysis of the 
colours shown by the amethyst. A lamina, polished perpendicularly to 
the axis by Soleil, when examined with a dichroscopic lens perpen¬ 
dicularly to the polished surfaces, exhibited the same colours in the 
ordinary and extraordinary image in the centre of the plane only, 
whereas this property is found throughout in other uniaxial crystals. 

The field consisted of three blue wedges of 90“, alternating with 
three red wedges of 30“, in each of which the intensity of the colour 
increased towards the middle of the angle.—In order to obtain 
the greatest contrast of the colours in the two images of the lens, 
it is necessary to look through the crystal perpendicularly to a plane P, 
which is parallel to the rhombohedi’ic planes of the amethyst, or 
to a surface M, which is perpendicular to the former, and parallel, to 
the axis, or, lastly, to a surface T, at right angles to cither of the 
preceding ones. The plane P yields in the ordinary ray a dark 
purple-blue, in the extraordinary ray a pure rose colour; the plane 
T presents the same purple-blue and a pure blue; light and dark 
streaks parallel to the plane P, alternate with one another; the 
plane M shows purple-blue, without the lens, and this colour may 
be decomposed under the lens into reddish and blueish purple. 

The chromatic phenomena just mentioned, as well as numerous others 
which Haidinger obtained by varying his experiments, correspond 
with the description which Brewster gave a considerable time 
ago(3) of the chromatic tints exhibited by the amethyst. They 
difier both from the phenomena of dichroism observed in crystals with 
a single optic axis, as well as from those of the trichroism of 
crystals with two axes. Of the following remark of Haidinger we 
require an explanation. He says : Thus we find the plane perpen¬ 
dicular to the aids, which invariably yields two unicoloured images in 

(1) Pogg. Ann. LXX, 531. ^ (2) Pogg. Ann. LXV, 1. 

(3) Phil. Trans. 1819, p. 11. 
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’’i'®* , all uniaxial crystals, to be dichromatic in this case: so as to corres- 

rhroUm of J • i m • i i • • 

the ame- pond with the two pairs of circular vibrations undulating in contrary 
directions, and with unequal rapidity.” It is desirable that he should 
have accounted more fully for the manner, in which the chromatic 
uniformity of the two images in the middle of the plate, as well as the 
laminated constitution of the amethyst, that was inferred from the 
striation of the plane T, i. c. the occuri’ence of lamiuse, rotating 
to the right and left, parallel to the planes P, and parallel to three 
planes of a trilateral prism closing in the axis, may be reconciled 
with the above statement. 

Douiiie Uefraction. —^Brewster(l) has ascertained, that the 
optical deportment of those layers in the topaz which adjoin certain 
small cavities, indicates that the tension of gases within these cavities, 
caused a condensation of the constituents of the topaz whilst fluid. 

Optical Ctaaracter of Ammonla-AInm. —J a min (2) informs us, that 
Biot discovered the octohedron of ammonia-alum to consist of eight 
pyramids, the apices of which occupy the centre of the octohedron, 
and which split parallel with the octohedral surfaces, i. e. the bases 
of the pyramids. Every pyramid forms a positive uniaxial crystal, 
whose crystalline axis is perpendicular to the plane of cleavage, 
and whose power of double refraction varies in different parts, being 
on an average 200 times weaker than in gypsum.—If the pyramids 
are united into one natural alum-crystal, the optical effects neutralize 
each other. If we give to a plate two parallel surfaces at right 
angles to one edge of the alum, we obtain the same optical effect 
as that produced in the compensator of Babinet. 

Rotation of the Plane of Polarization connected with the Form of 
Crystals. —^The labours of Biot(3) have established, beyond any 
doubt, that the rotation of the plane of polarization^of a light-ray 
during its passage through a given substance, is caused by a power 
which is inherent in the molecules, and not the result of their 
peculiar aggregation. He considers quartz alone to form an excep¬ 
tion, opal, hyalite, taba8cheer(4), and amoiphous silicic acid(5) 
presenting no more circular polarization than according to Her- 
schel(6), do the silicates generally. Biot's experiments have, how¬ 
ever, rendered it probable, that the cause of the disappearance of 

(1) PhU. Mag. [3] XXXI, 101. 

(2j Instit. 1848, 400. 

(3) Ann. Ch. Phya. [2] IX. 372 ; X, 63; [3] X, 5, 175, 307, 385 ; XI, 82. 

(4) Pogg. Ana. XIII, 522. 

(5) Ibid. XXI, 289. 

(6) HerscliePa Treatise on Light, § 1046. 
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circular polarization is to be found in the transposition of the 
molecules^ which is connected with the transition into the amorphous 
condition; for the specific rotatory power of a lamina of sugar 
that is melted, and subsequently cooled, increases in proportion 
as the amorphous passes into the crystalline form. No circular 
polarization is observed in crystals of sugar, camphor and tartaric 
acid, because this phenomenon is masked by the double refraction; 
but this does not warrant the leonclusion(l), that these substances 
possess no power of producing circular polarization in the solid form. 
Circular polarization ought to be as observable in suitable crystals of 
sugar and tartaric acid, in the direction of their optic axes, as it is 
in the direction of the optic axis of rock crystal.—It seems that 
the substances which rotate the plane of polarization, exhibit an 
hemihedrous or hemiraorphous formation in the crystalline condition. 
This is the case with sugar and tartaric acid; quartz also must be 
viewed as a combination of two. hemihedrisms, and the tetai*l:ohedric 
plagihedron-surfaccs indicate the direction of rotation of the plane of 
polarization.—According to Pasteur's(2) investigations, the two 
symmetrical hemihedrisms, which arc^ obtained from a solution of 
racemate of soda and aminonia(3), rotate the plane of polarization in 
opposite directions, and this character is even preserved in the soda- 
salt, and in the acid which has been separated by sulphuric acid from 
the baryta-salt, whilst the mother liquor of the above-mentioned 
double salt remains indifferent to light in all stages of crystalli¬ 
zation. 

Haldinger’s Colour-Pencils. —Ilaidinger's pencils of colour 
have been satisfactorily accounted for by Silbermann(4), who 
proved that the transparent cornea and the crystalline lens are doubly 
refracting media, capable of yielding the ordinary colours of chro¬ 
matic polarization; that the striated fibrous structure of the lens 
presents an analyzer similar to the fibrous agate, with this difference 
only, that in the former the fibres radiate from the axis in all 
directions. In the centre of the lens is a neutral spot, which does' 
not polarize the light, and therefore remains colourless; the axis of the 
yellow pencils is parallel to the plane of polai-ization, which is given 
by a NichoPs prism held lip to the eye, or by tourmaline, &c.; and 
to which, on the other hand, the complementary purple rays are per- 

(1) Herschel’s Treatise on Light, § 1046. 

(2) Ann. Ch. Phys. [.3] XXIV, 442; Instit. 1848, 1.57; Compt. Rend. XXVI, 335 ; 
XXVII, 367 and 401. 

(3) Vide supra, p: 23. 

(4) Compt. Rend. XXIIl, 629; XXIV, 114; Pogg. Ann. LXX, 393, 401. 
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pendicular. Pappcnheim states^ that the fibrous structure of the 
vitreous humour dso acts in a similar manner.—^This explanation renders 
the fact intelligible, that all eyes are not equally capable of seeing 
Haidinger^s pencils, and why the pencils may disappear after having 
been observed attentively for a few moments, and again become 
distinctly visible upon rotating the prism suddenly through 90*^, 

Botzenhart(l) has observed, that if a lamina of a quartz-crystal cut 
perpendicularly to its axis, be inserted, Haidingcr’s pencils are 
rotated to the right or the left, according to the quality of the 
quartz; and that in addition to the yellow and purple pencils red 
and green ones are noticed, resulting from the unequal rotation of 
the planes of polarization of the various coloured rays. 

Jamin(2), on the contrary, adopting Moigno's fundamental 
notion, explains the luminous pencils of Haidinger in the following 
manner:—If a polarized pencil of light fall upon a column of oblique 
glass piites, the intensity of the refracted ray varies with the azimuth 
of polarization; it attains a maximum if the planes of incidence and 
polarization are perpendicular to one another. A system of convex 
and concave lenses, having, their axes conincident, presents to a 
luminous pencil, polarized in the direction of this axis, every possible 
azimuth of the plane of refraction. There null be two dark pencils 
which expand towards the circumference, in the plane of polarization, 
and two luminous ones perpendicular to it, and it is thus that IIaidin¬ 
ger* s pencils are produced in the lenticular system of the eye. As 
the various ratios of refraction cause the intensities of the various 
refracted coloured rays to be unequal, the pencils must appear 
coloured. The same variations of colour arc said to be obtained by 
calculation as by experiment. 

Experiments with the Rotatlns Polarlzlns Apparatus.— Dovc(3) 
has adapted wheels to his polarizing apparatus, by means of which 
one or both the NichoPs prisms, as well as the plates that were intro¬ 
duced between them, could be rotated in the same or in opposite 
directions, and with equal or unequal rapidity, round the axis of the 
apparatus.' He has thus obtained a means of contributing nu¬ 
merous interesting experiments to optics(4). When the polarizing 
NichoPs prism is made to rotate, the light which is rcctilinearly 
polarized, presents the deportment of natural light; the comple- 


(1) Pogg. Ann. LXX, 399; Compt. Rend. XXIV, 43. 

(2) Compt. Rend. XXVI, 197 ; Instit. 1848, 53; Pogg. Ann. LXXIV, 145. 

(3) Pogg. Ann. XXXV, 569. 

(4) Bert. Acad. Ber. 1847, 70; Pogg. Ann. LXXI, 97; Phil. Mag. [3] XXX, 465 
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mentary annular systems which appear in the two principal positions, 
and the colours of thin crystalline plates mutually compensate one 
another so as to form white. However, the existence of polarization 
may be observed if the electric spark be employed as the source of 
light.—If the increase and diminution of the rotatory velocity during a 
single rotation be uniform, all the phenomena of partially polarized 
light present themselves, and the plane of polarization coincides with 
the direction of the minimum of velocity.—If both Nicholas prisms 
be rotated with the same velocity in opposite directions, the annular 
system becomes apparent, which is exhibited when both are placed 
opposite to one another in a state of quiescence with an azimuth of 
45”. The annular system, with, the white cross, appears four times 
in every revolution, and coincides with the points 0”, 90”, 180”, 270”, 
the system with the black cross appears at the 45”, 135”, 225”, 315” j 
consequently the impression received, is that of both phenomena cover¬ 
ing one another. If the velocities of rotation of the two N ichol’s prisms 
differ, the phenomenon itself rotates. When both NichoPs prisms 
arc rotated uniformly in the same direction, the same phenomena 
present themselves as in light polarized and analysed circularly. 
These examples may suffice to characterise the experiments which 
Dove has multiplied by the most varied couibinations of move¬ 
ment.—We give the following as one of the experiments which Dove 
instituted for tlie purpose of obtaining white by a superposition of 
complementary colours. He places a doubly-refracting crystal before 
two vertical fissures, so that the two centre-images exactly cover one 
another. The phenomenon, coloured by a lamina of gypsum, is 
then examined by means of a Nicholas prism. The two extreme 
images yield complementary colours, the middle one is white, owing 
to the superposition.—^The caleidophohc, when lit up at the same 
time with a lamp and daylight, produces curves which arc objectively 
orange and subjectively blue; their points of intersection arc said 
by Dove not to be perfectly white.—By employing three glasses 
respectively of a blueish-green, a yellow and a purple colour. Dove 
obtained a colourless combination; day-light appeared grey, lamp¬ 
light, on the contrary, which has a different spectrum, dingy green. 

Cauchy(l) has communicated some remarks on the differential 

equations for chromatic polarization. 

Optles of the Atmosphere. liumlnous Meteors. — There are 
several essays on luminous meteors in the periodical edited by 
Grunert; contributions to Meteorological Optics, Part I, first and 

(1) Coinpt. Rend. XXV, 331. « 
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second number : on the rainbow, by Grunert, on the three principal 
phenomena of halos and mock-suns by Kuhsej on twilight and 
the calculation of the observations of twilight of Lambert, by 
Grunert. 

A treatise has been published by Bravai8(l) on the optical phe¬ 
nomena which are produced by clouds containing ice. 

Dispersion of Ltgflit In the Atmosphere. —Glausius(2) has made 
an attempt to represent in formulas the amount of light which the 
atmosphere conveys to the earth, and the apparent intensity of illu¬ 
mination of the various points of the sky ; Lambert Photometria”) 
and Rouguer (“ Optice”) have been previously engaged in a similar 
pursuit; however, the physical data necessary to solve the ques¬ 
tion satisfactorily are still wanted. The atmosphere is supposed to 
be of the same density throughout, and bounded by horizontal 
planes; a ray of light, which enters with the intensity 1, arrives 

at a depth x of the atmosphere with an intensity c > and, consc- 

quently, at the carth^s surface with e~ > y being the zenith- 
distance of the sun, h the reduced height of the atmosphere. 
If y = 0, the intensity of the sun's light will be e“"®. This had 
beenf stated by Bouguer at 0*8123, by Lambert at 0*59; Clausius 
finally has assumed the number 0*75, and consequently, a = 
0 287’6819.—Atmospheric absorption is not considered, and reflec¬ 
tion and dispersion arc calculated as if caused, not by the atmos¬ 
pheric particles, but by the vesicles of vapour floating in the air. 
— Let L designate the quantity of light reaching the earth, either 
directly from the sun, or after any number of reflections; then a 
portion A . L will be returned, and is again subject to re¬ 
flection in the atmosphere. 'According to Lambert, A is assumed 
= -jJa; frona the formulas which result from the ^sumptions just 
enumerated, the following values may be calculated : 


Zenith 
(list, of 
sun. 

Quantity of direct 
' sunlight. 

1 

Quantity of sun¬ 
light reduced by 
atmosphere. 

Entire quantity of 
light received from 
the air by the 
earth. 

Entire quantity of 
light reaching the 
earth. 

5" 

1 

0-75 

0-18599 

0-93599 

50" 

0-64279 

0-41087 

0-15599 

0-50686 

80" * 

0-1736 

0-03313 

0-06736 

0-10049 


The formulaj are only applicable for zenith-distances of the sun 


(1) Compt. Rend. XXIV, 962. 

(2) Uugg. Anil. LXXIl, 294, from Crcllc’s Journal dcr reiuen uud augewaudten 
Mathciu. XXXIV and XXXVI; Rerlin. Acad. Bcr. 181;, 200. 
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up to 80”. The following results, for the luminous state of the sky, 
may be cited as examples, that of the sun beyond the atmosphere ***®^‘“®** 
being assumed at 1000000: 


Zeaith 
(list, of 
SllU. 

Lumi¬ 
nosity of 
8un. 

Luminosity of sky. 

In the 
zenith. 

In imme¬ 
diate vici¬ 
nity of sun. 

In horizontal circle of 
60'' from zenith. 

At the horizon. 

Horizontal distance. 

0“ 

90'> 

180“ 

0« 

90« 

180" 

0" 

750000 

G-sa.*) 

6-825 

3-475 

3-475 

3-475 

5-051 

5-051 

5-051 

60“ 

562500 

1-719 

10-227 

10-227 

2-278 

1-773 

10-367 

4-039 

3-555 

80« 

190800 

0-880 

10-413 

4-347 

1-389 

1-216 

5-925 

2-306 

2-220 


Brewster,(l) in a treatise on the state of polarization of the at¬ 
mosphere, fixes the position of the neutral points; 1. Arago’s neutral 
point lies 18”'5 above the opposite pole of the sun when at the 
horizon, but approaches this pole as near as 11” to 12” when the sun 
rises; 2. Babinct’s neutral point lies 18”-5 above the sun when the 
latter is at the horizon, but coincides with the sun when he is in 
the zenith.—^The polarization betweeij each of these two neutral points 
and the sun, or his opposite pole, is negative, i. e. perpendicular to 
the plane of incidence, but positive between the neutral points 
themselves, i. e. in the plane of incidence. Brewster concluded 
that the causes which produce these neutral points, should also pro¬ 
duce a third one below the sun, and he at' last succeeded in 
discovering it under peculiarly favourable circumstances at a distance 
of 15° to 16” from the sun; this, however, is variable. When the 
sun occupies the zenith, the upper and lower neutral points coincide 
with him; they separate again as the sun sets.—Under particular 
circumstances, Brewster has observed that the first two neutral 
points arc accompanied by secondary neutral points at a trifling 
distance.—Brewster has also examined the condition of polarization 
of the sky with a polarimctcr constructed for that excess purpose; 
the polarization was always neutralized with a certain number of 
thin plates of glass, by establishing the necessary incidences, or 
when the incidence was constant, by the use of the due number 
6f plates. The point of maximum polarization is at a distance of 
from 88” to, 92” from the sun, in the plane that passes through the 
sun and the zenith; the components in the plane of polarization, and 
in one perpendicular to it, bear a ratio of 1 : 2.—^Brewster gives lor 


(1) Phil. Mag. [3] XXXI, 114. 
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DUperslon the lines of equal polarization, the equation R = 33°*5 (sin D . 
ih# atinoa! sin P') — 6" 84' (sin Z sin A); R being the degree of polarization, 
phere. distances from the first two neutral points, Z the 

zenith-distance, and A the azimuth of the principal plane. — Finally, 
we are informed by Brewster that Zantedeschi published a treatise 
on atmospheric polarization in the Raccolta Fisico-chimica Italiana 
for 1846. 

optical Apparatus. Rotating Coloured Disc.— Griicl (1) has 
placed the rotating disc, which is employed for the purpose of show¬ 
ing the immeasurably short duration of the electric spark, in a 
vertical position, and has provided it with clock-work, by means of 
which the velocity of rotation may be regulated at pleasure; he has 
used this apparatus fur the exhibition of the subjective chromatic 
phenomena, which have been described by Dove (2); it is also 
adapted to work with Newton’s chromatic disc, with the strobo¬ 
scopic discs, and with Opelt’s siren. Dove has, on this occasion, 
succeeded, with the assistance of coloured glasses, in obtaining tohite 
by means of dioptric colours. 

Application of Polarlased Usht to the Nlcroseopc. — Brew8tcr(3) has 
discovered that the application of polarized light is an excellent 
means of distinctly seeing under the microscope, such objects 
which possess double refraction, a class to which almost all crystals, 
as well as the majority of animal and vegetal fibres, belong. 
Diffraction, which causes the indistinctness of the microscopic 
images, disappears in polarized light, because no rays pass by at the 
edges of the fibres. In those cases, in which it is requisite to examine 
objects in a fluid without a covering-glass, or enclosed in other solid 
bodies with an irregular surface, polarized light almost entirely 
removes the injurious influence of irregular refractic^ by the surface. 
—^Brewster, on this occasion, corrects an error of Chevallier’s, and 
proves that it was not Wollaston, but himself, who removed the 
injurious effect of diffraction by a peculiar system of illumination for 
non-polarizing bodies. 

We have yet to add the following optical apparatus and methods : 
A system of illumination for the dial-plates of large clocks by 
Dorey,(4) An adaptation of the Argand lamp to optical experi¬ 
ments, by Soleil(5) j A photometer and contributions to the art of 
polishing glasses and metallic mirrors by Doppler (communicated 


(n Pogg. Attn. LXXV, 521. 

(2) Pogg. Aun. LXXV, 526. 

(3) Phil. Mag. [3] XX.XII, 161. 


(4) Conipt. Rend. XXV. 557. 

(5) Idem. XXIV, 300. 
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by Bolzano)(l), and by Heinekpn(2); A simpler form of the heliostat 
by 6ruel(3); Alloys/or mirrors and improvements of catoptrical intru- 
racutSj and an apparatus for measuring the smallest deflection of a ray of >"*««- 
light, by D oppler(4)j An essay on the manufacture of the magic mirrors 
of the Chinese, by Stan. Julicn(5)j and An experiment made with one 
of these mirrors, by Per8on(6)j An apparatus for illuminating micro¬ 
scopic objects with oblique light, by Nmchet(7); Observations on the 
same, by OberhauBer(8) andChevallier(9) j A proposition to illumi¬ 
nate the micrometer-wires by platinum-wires heated by galvanism, by 
Arago(lO), carried out by Forment; An optical telemeter, an instru¬ 
ment for measuring distances, and a proposition to construct a 
giant microscope, by l)oppler(ll); A stephanoscopc, by Dove(12); * 

An improvement in the optical saccharimeter, by Soleil(13); Appa¬ 
ratus for saccharimetry, with a description of the method, by 
Clergct(14); An apparatus for measuring the rotation of the plane 
of polarization by fluids, under different temperatures, by Bar- 
theleray Bianchi(15); and A doubly-refracting eye-piecc-micro- 
metcr, by Arago(16). 

Pit vsloloirlcal Optics. Stractnre and Optical Properties of the 
Eye. —In one of his lectures at the Royal Ophthalmic Hos])ital, 
London, Bowman(17) has given a description of the structure and 
physical properties of the crystalline lens. 

Valee(18) states, that he has found by a comparison of Krauss'a 
measurements of the dimensions of the eye, that the exterior convex 
surfaces have exactly that geometrical form (curved surface of 
the fourth order) (19), which produces foci free from deviations j 
he calls them optoidal surfaces, and also finds that the posterior 
convex surfaces are, at least, so far optoidal, as the pencils of light 
penetrating into the eye impinge upon them.—In a subsequent 


(1) Pogg. Ann. LXXII, 530. 

(2) Phil. Mag. [3] XXXIII, 480. 

(3) Pogg. Ann. LXXII, 422. 

(4) Ibid. LXXII, 530. 

(9) Compt. Send. XXIV, 1097. 

(10) Ibid. XXIV, 321; Pogg. Ann. LXXI, 96. 


(5) Pogg. Ann. XXIV, 999. 

(6) Ibid. XXIV, 1110. 

(7) Ibid. XXIV, 976. 

(8) Ibid. XXIV, 1052. 


(11) Pogg. Ann. LXII, 530. 

(12) Berlin Acad. Ber. 1847, 76; Pogg. Ann. LXXI, 115. 

(13) Compt. Bend. XXIV, 973, XXVI, 162; Instit. 1848, 45 and 55. 


(14) Instil, 1848, 61. 

(15) Compt. Rend. XXV, 324. 

(16) Compt. Rend. XXIV, 400; Pogg. Ann. LXXI, 405. 

(17) Lond. Med. Gaz. Aug. 1848, 320. 

(18) Compt. Rend. XXIV, 676, 

(19) Herscbcl’s Treatise on Light. 
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lijicai ”*cmoir, Valce(l) applies to the eye the proposition^ that of a series 
optics, of refracting surfaces of any form, which are •penetrated by rays 
issuing from one point, one may always be so selected, that all the 
oVtfire^e! concentrated into one focus. He is of opinion, that 

the cornea always receives, through the muscles of the eye, the form 
requisite for the production of sharply defined images on the retina. 
These changes of form might be smaller, the less the form of the 
other refracting surfaces differs from that of the optoidal surface.— 
Faye has reported to the French Academy on Valec’s two 
memoirs(2). 

Dispersion of the human Eye. —Mathicsscn(3) has made the 
following determinations respecting the dispersion of the human eye; 
1. the distance of distinct vision, with red light, from the line B, is, 
with far-sighted persons, more than double that with blue light from 
the line G. For normal eyes, the difference is less, and still smaller 
for short-sighted persons; 2. a white point of light, situated before,a 
normal eye at distinct visual distance, has its focus B, 16"'’"*3, its focus 
E, and G 15"'”’7 behind the centre of the eye; 3. the 

dispersion of the human eye is greater than that of crown-glass and 
of water, it approaches that of flint-glass; 4. the ratios of refraction 
of the crystalline lens for the lines B, E, G, are respectively 1*3634, 
1-370, 1*3765. 

Mathiessen is of opinion, that the means for effecting the 
achromatism of optical impressions, are arranged by nature externally 
to the real optical apparatus of the eye; an opinion which is contra¬ 
dicted by Valee(4). He substitutes the hypothesis, that the strongly 
converging pencils of light emergent from the crystalline lens arc 
brought to a point {appardl acuteur) by the vitreous humour, which 
he considers as composed of layers of different density, and that the 
rays of different colours are thus contracted into oneline. 

Pappenheim(5) has measured the ratios of refraction of the 
vitreous humour in the anterior and posterior layer. He has found 
the former to be 1*3339 and 1-3343, the latter 1-3371, differences 
which are, at all events, too slight to justify Valeevs appardl 
acuteur. 

Brown Sequard(6) communicates some comparative observa¬ 
tions on the action of light on the iris ih the five classes of vertebrate 
animals. 

• 

(1) Compt. Rend. XXV, 501. (2) Compt. Rend. 843. 

(3) Ibid. XXIV, H75; Pogg. Ann. LXXI, 578 ; Arch. Ph. Nat. V, 221. 

(4') Compt. Rend. XXIV, 1096. (6) Compt. Rend. XXV, 482, 508, 510. 

(5) Ibid. XXV, 901. 



OPTICS. 


167 


Befcetsof yiMion.— Hamilton(l) gives an account of a peculiar 
defect of vision. A man twenty-five years of age was short-sighted, 
and partially blind at night. He was able to recognize horizontal lines 
tolerably well, but could scarcely distinguish vertical oiies, and was 
much less able to delineate them. An experiment made with a card 
pierced with two holes, through which the head of a pin was ob¬ 
served, showed that the latter was seen by the left eye, at a distance 
of 6 inches or 9 inches, according to whether the holes were taken 
horizontally or vertically; with the right eye the ratio of 5^ to 6^ was 
observed. The defect was remedied by a cylindrical lens. 

Nuscfc Yoiitautcs. —^Brcwster(3) has founded on experiments with 
his own eye, a view respecting the musccs volitanteSf which differs 
from the explanations given by De la Hire, Porterfield, and 
Mackenzie. He points out as the cause, portions of the cells 
in which the vitreous humour is enclosed, of which the torn fila¬ 
ments floatubout in the chamber, and throw shadow and deflected 
light on the retina. By means of two bright light-sources placed 
before the eye, two shadows of the same fibre were obtained, with the 
aid of which Brewster has measured the apparent diameter of the 
musem volitantes, as well as the distance from the retina of the bodies 
producing it. By means of screens with appropriate openings, or 
lenses of different focal lengths, the divergence of the light- 
pencils employed may be arbitrarily placed both within or without 
the eye, when, by partially obscuring the lenses, the fine muscce also 
will become visible, while in full light only the larger ones are 
perceptible. According to Brewster, the mmcee occur in every 
healthy eye, becoming dangerous only by too great an accumulation ; 
they arc by no means a symptom of approaching blindness from 
cataract or amaurosis. 

Caron du Villars(3) communicates some remarks on the casual 
coloration of the vitreous humour. 

Theory of Tision. —The magnitude of the angle which the axes 
of vision, directed to one point, form with each other, bears a 
constant ratio to the distance of the object, and it is conceivable, 
that from the magnitude of this angle, a direct inference respect¬ 
ing tife distance may be drawn, without aiiy farther aid being 
required by the sense of vision. This view is supported by the 
apparent diminution or increase of the distance of objects ob¬ 
served, if the intersection of the optical axes be intentionally 

(1) Froriep's Notizen [3] VII, 219. (2) Phil, Mag. [3] XXXIT, 1. 

(3) Coinpt. llcnil. XXIV, 1097. 
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placed either before or behind the objects; this Brewster(l) has 
confirmed by a series of new eiiiperiments. If we place ourselves 
in front of a large surface, e, g. a vertical wall, on which there 
is a constant repetition of the same figure at regular intervals, as, 
for instance, the flowers in the design of a paper-hanging, and the 
axes of vision be so directed, that the two nearest figures be made to 
coalesce, all the other pairs will likewise coalesce; the image of the 
wall will appear to occupy the intersection of the optic axes, whether 
this be situated before the wall, close to the eye, or behind the wall. 
The latter result can, however, only be attained, if the figures occur in 
a transparent surface, for instance, a plate of glass; the seat of a cane- 
bottomed chair placed vertically, is likewise stated to be very appli¬ 
cable to the latter purpose. The farther wc imagine the trellis- 
work removed backwards, the larger the canes and the spaces arc 
made to appear by an illusion of the imagination. 

If the two sides (of equal length) of an angle be A’awn on a 
horizontal surface, and the axes of vision be so directed that their 
terminal points are made to coalesce, the two lines will appear to form 
one, which seems shortened or lengthened, according to the inter¬ 
section of the visual axes and the position of the eye with regard to 
the horizontal plane. The well-known experiment of holding before 
the eye a compass, the legs of which appear to reach to a great 
distance (described in Smith^a Optics II, 388), is only a particular 
case of the above. 

From all this Brewster(2) concludes that the perception of dis¬ 
tance is included in the process of vision itself, and that the sense of 
sight does not require the aid of experienee for this purpose; as 
both children and young animals, directly after birth, judge of 
distances in their con’ect proportions. This is contradicted by 
Whcwell, who adduces the opposite experience of ofeulists, accord¬ 
ing to which blind people who have been operated *on, required 
some practice before they were enabled to judge correctly of the 
distance of objects. 

In another place(3) Brewster expresses the opinion that dif¬ 
ference of colour has some influence in judging of distanc^i' He 
states that when red and blue objects, drawn on the same surface, 
are contemplated, the red objects appear to be nearer than the blue 
ones. Hence, difference in colour would appear to be a source of 
optical illusion. 


(1) Phil. Mag. [3] XXX, 305. 
(.3) Instit. 1848, 290. 


(2) Instit. 1848, 371. 
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Heinekeii(l) relates, witb reference to the e3q)ericnce of Prevost 
and Babbage, on double vision with one eye, that he had, during . 
two hours, seen threefold with his left eye, after having it closed 
for some time, while using his right eye aided by a lens, to divide a 
yard into 400 parts. 

Foramen centraie. —Brew8ter(3) describes an experiment which 
he explains by the foramen centraie of the retina discovered by Som- 
mering. If, after short repose, the eye is directed upon a sheet 
of paper uniformly illumined, a circular spot, surrounded by an 
uniform white border, is observed. Its apparent diameter is 35^ 
giving for the foramen centraie a real diameter of of an inch. 

SuliJectlTc Colours. Coloured Rluffs, on looking ttaroush coloured 
Fluids.— Ilaidinger (3) communicates an observation of Lowe, 
according to which, on looking through a layer of the so-called 
dichromatic media, as sesquichloride of chromium oi cobalt-glass, a 
ring is observed of the size of the iris, differing in colour from the 
fluid, while the space surrounded by it, of the size of the pupil, has 
the natural colour. It seems as if, by the particular affection of 
this part of the retina, the circular surrounding portion is made 
susceptible of the complementary impression, so that this colour 
appears when likewise contained in the dichromatic medium. Thus, on 
looking at sesquichloride of chromium, a green spot, surrounded by a 
violet. ring, is observed. If the monochromatic ammoniacal oxide of 
copper be employed, the colour of the surrounding ring is only of 
a rather deeper blue. 

SuiUectlTo Colours on the Rotatory Disc.— If a yellow and blue 
sector, in the ratio of 1 : 4 be painted on a rotatory disc for obtain¬ 
ing the intermediate green, and a small dark rod of the thickness of a 
thin black-lead pencU be moved parallel with itself across the disc, the 
rod will, accor^g to Dove,(4) be visible as a trellis, with alternate 
bars, blue and yellow. The yellow bars are the broadest, they there¬ 
fore appear when the rod is over the blue. The number of these 
bars corresponds to that of the revolutions, if only one sector of 
each colour be painted; as the bars may be easily counted, we obtain 
in this manner the number of revolutions in a given space of time.— 
The same phenomenon is observed if the rod be at rest, whilst the eye is 
moved to the side.—If the eye be moved rapidly to and fro before the 
disc painted with sectors, the combined colour will be observed 
to resolve itself momentarily into its components on that side to 


(1) PhU. Mag. [3] XXXIII, 318. 

(3) Pogg. Ann. LXX, 403. 

(4) Pogg. Ann. LXXI, 112; fieri. Acad. Her. 1847, 77. 


(2) Instit. 1848, 289. 
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which the eye turns, while between the moving disc and the eye, 
there is an approach to a relative state of rest. 

Optical lUuMions. Apparent Motion of Blue and Itcd Spots on Red 
and Bine Oroands. —The fact has been known for some time, that if 
a blue field with red spots on it, or a red field with blue spots be 
moved to and fro, while artificially illumined, the coloured spots 
will appear to have an increased waving motion, as though they were 
loose upon the surface underneath. II. Taylor,(1) in explanation 
of this phenomenon, first calls attention to the fact, that when light 
and shade suddenly change their positions on a ball suspended before 
the eye, the former appears to swing to and fro. We may convince 
ourselves of this, by placing at the back of the ball, and a little* 
to the right and left, .two lights which arc alternately covered.— 
When the red spots move in the blue field from right to left, the 
continued impression of red mixes at the right margin of each spot 
with the blue of the ground to form a darker red, similar to a border of 
shade; this at once passes over to the left margin when the motion is 
from left to right. Blue spots on red ground, on the contrary, receive a 
bright margin of light. The change of position of these shades and lights 
is the cause of the apparent swinging, just as in the case of the ball 
alternately illuminated on the right and left side, as described above. 

Brews ter (2) discusses the illusion to which the eye is subject 
on contemplating intaglios and cameos; it consists in confounding 
the convex with the concave, and vice versd, and is particularly 
apparent on viewing them through an inverting microscope, or the 
eye-piece of a telescope. On the reversion of the image, a con¬ 
cavity appears in relief, even with a perfectly uniform shadowless 
illumination, if it be situate in an extended horizontal plane, the rever¬ 
sion of which cannot be noticed at the same tinicj if, on the 
contrary, it be situate in a narrow strip, the revcrsioiA of which can 
be perceived in the field of view, then it merely appears as a hollow. 
It is evident that the illusion must vanish on viewing the object 
with increasing obliquity, for in the case of a spherical hollow (appear¬ 
ing in relief) the whole of the elliptical margin of the imaginary 
convexity remains visible until it becomes a straight line, whilst in 
that of a convexity (appearing as a depiression), that portion of the 
margin of the supposed concavity and part of the plane opposite 
to the observer become eclipsed—results the reverse of what would 
take place with real convexities and concavities. Shadows of course 
must tend to increase the illusion. 


(1) Phil. Mag. [.1] XXXHT, 315. 


(2) Phil. Mag. [3] XXX, 132. 
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Dove(l) calls attention to an optical illusion perceptible on riding 
in a train, when the objects outside the carriage appear diminished, 

whilst its interior is magnified in a remarkable manner. 

Cliemlcar Eflrects of liight. Action of Llabf on a Mixture of 

Chlorine and Hyorosen.— In the twelfth section of their inves¬ 
tigations, Favre and Silbcrmann(2) have examined the action 
of solar light on a mixture of chlorine and hydrogen. Equal 
quantities of chlorine—the one, after having been exposed to 
solar radiation, the other in the dark—were absorbed by solu¬ 
tion of potassa; it was found that 1 grm. of chlorine after 
exposure to light, disengaged 478‘85 heat-units, while 439*70 units 
were evolved if the gas was not exposed. Favre and Silbermann 
account for the difference of 39*15 heat-units, by a modification 
of the molecules, which is stated to precede the combination with 
potassa, and to be attended with an absorption of heat. The 
exposed chlorine had undergone the same modification, under the 
influence of the solar heat. The number for the exposed chlorine 
478*85, multiplied by the equivalent of cUorine, equals half the 
combustion-heat of hydrogen.—For the purpose of studying the 
influence of the difierent coloured rays of the spectrum on the 
mixture of chlorine and hydrogen, Favre and Silbermann filled 
fifty small glass tubes, placed in an upright position along the sides 
of a narrow trough, the gases being confined over salt water, whilst 
they were exposed to the solar spectrum. The level to which the 
salt-solution rose, in the various tubes, under the influence of light, 
rendered the chemical action of the coloured rays evident to the 
eye. Favre and Silbermann state that they have found the 
greatest action to take place in the morning at the line H, at 
noon at the line G, and in the evening at F.—They next intend 
to investigate the influence which the substance of the prism has 
upon these results. 

Ptaotograplilc ElTect of the Various Coloured Rays.— ^The difficult 
discussion on the nature of the photographic action of the difierent 
coloured rays has been complicated stiU more in consequence of 
Draper^8 communications ; indeed, if we place reliance on the ex¬ 
perience of this observer, we cannot expect to see this question 
solved in Europe.—It is an acknowledged fact, that the most 
refrangible rays of the spectrum more especially exert an ener¬ 
getic chemical influence in general, and a photographic action in 
particular, while, as regards less refrangible rays, the results obtained 
are contradictory ; it is not decided whether these rays have like- 

(1) Pogg. Ann. LXXI, 118. 

(2) Instit. 1848, 309; Compt. Rend. XXyiIl,3ri2. 
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wise an independent photographic action, but to a smaller degree 
than that of the blue and violet colours, or whether they have only 
the faculty of continuing an action commenced by the laker, (Bec- 
quercl), or, finally, whether their action is directly opposite to that 
of the more refrangible poition of the spectrum, so as to neutralize 
their photographic efiects, and to restore the sensibility of the sub¬ 
stances in question to the action of light.—*The experimental results, 
obtained by Fizcau and Foucault, induced these physicists to 
decide in favour of the latter view. Bccqucrel(l) believes, how¬ 
ever, that their results, obtained, as they were, with the complex 
combinations of the chloride, iodide, and bromide of silver, might 
be explained by secondary chemical action, and he adduces some 
instances of such actions both from Hcrschel’s and his own expe¬ 
rience. 

Draper(2) communicates results which he obtained in Virginia at 
different seasons of the year, on the photographic action of the 
various parts of the spectrum; they are not favourable to Bcc- 
quereFs view. Drap.cr not only found that the less refrangible 
portion of the Virginian solar spectrum prevented and retarded the 
action of daylight, even when permitted to act for hours, but also 
that a similar action was produced by certain rays beyond the violet. 
The latter was, however, only apparent in July, and even the protecting 
power of the red and orange rays disappeared, according to Draper, 
in September; it was found to exist with a portion of the yel¬ 
low and green rays only, but returned in March to the red and 
orange.—^If the daylight is excluded both previously and at tlie 
time, the protective power of the less refrangible rays is not per¬ 
ceptible; the Daguerreotype-spectrum being white along the space 
on which they have fallen. 

The third of the views enumerated above, on th? photographic 
action of the different rays of light, was defended still more decidedly 
by Claudct(3), who states as a general result, that every kind of ray 
is possessed of a peculiar photogenic power, which, at the same time, 
destroys that of cvciy other kind of ray. According to this view, the 
action of the blue rays is destroyed by the red and yellow rays, and 
viceversd. Claudet, however, applies the term ''photogenic” action 
exclusively to that which imparts an attraction for mercurial vapour 
to silver plates, coated with a chloride, bromide, or iodide. Glaudet^s 
results are, in substance, as follows: he found that solar-rays, when 

(1) PhU. Mag. [3] XXX, 214. (2) PhU. Mag. 87 ; Arch. Ph. Nat. V, .5. 

(3) Athen. Nr. 1027 ; Sill. Am Joum. [2] IV, 409; Phil. Mag. [3] XXXII, 88, from 
Phil. T rans, 1847, II; Compt. Rend. XXV, 554 ; Ann. Ch. Phya. [3] XXII, 332. 
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coloured red by a dense atmospheric fog, or when passed through 
red, orang^ or yellow glass, destroyed the action of white light on 
iodized silver plates, so as again to do away with the attraction for mer¬ 
curial vapours which had been excited. The plates became again as 
susceptible of white light as before irradiation, and perfectly regular 
pictures were obtained, although a portion of the plate had been 
repeatedly changed by white, and restored by red, orange, and 
yellow light. Claudet anticipates two useful applications of these 
results; Istly, that the plates may be prepared in open daylight, 
instead of in the dark, as they may be rendered susceptible before 
use, merely by subjection to red light; 3dly, that a picture may 
still be corrected if, on subjecting it to the vapour of mercury, it is 
found to have been too long exposed to light.—If the period of 
irradiation by white light be taken as the unit, red light requires a 
jieriod of 50, orange light 15, yellow 10, to remove the action. 
These rays, however, are stated to possess in addition to the an¬ 
tagonist influence, likewise a peculiar photographic action, red 6000 
times, yellow 100 times weaker than white; but this action must be 
of a nature perfectly difierent from that of the blue and violet rays, as 
it would otherwise be incapable of coming into action at all under 
the simultaneous opposing influence of red and yellow. Claudet 
concludes from all this, that the photographic action cannot consist 
in a reduction of the silver, with the elimination of iodine, bromine, or 
chlorine, as the plate did not lose its sensitiveness to light after so many 
actions and reactions.—fflunt(l) also communicates an experiment 
which is favourable to th| opinion that certain rays of light protect the 
sensitive substances from chemical change. He directed light, pre¬ 
viously transmitted throivh a yellow medium, upon highly susceptible 
photographic paper, simultaneously exposed to full sunlight by 
reflection. The white papbr was blackened, wdth the exception of the 
stripe under the action of t\e yellow light, which remained white. 

Gaudin(2), on the othe^hand, confirms the results obtained by 
Becquerel. He has succeeded in obtaining perfect pictures by the 
continuous power of rays which have passed through an orange- 
coloured glass, without the application of mercury; these Claudet(3) 
endeavours to explain by a crystallization of the chloride of silver, 
and will not admit that they belong to the class of Dagnerreo- 
type-pictures. Gaudin also states, that if chloride of iodine be 
employed, the orange-yellow light, not only acts continuing, but 

(1) Inslit. 1848, 291. (2) Conipt. Rend. XXV, 630. 

(3) Compt. Rend. XXV, 763 j Instil. 1818, 291. 
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independently, whilst the rays that had passed through red glass only 
continue the action. ^ 

With regard to the observations of Becquerel and Gaudiii, 
Claudct(l) states, that he also had seen cases in which the effect of 
red and yellow rays upon iodized silver plates had been continuing 
instead of destroying the action. Yet, as he had also observed the 
reverse as positively, he considered that it appeared to confirm 
Draper^s results, which tended to prove that the effect of the rays 
is essentially modified by the season of the year. The variations in 
the results have, however, only oecurred in silver plates that were 
iodized in the ordinary manner. If the iodizing process be con¬ 
tinued until the plates have passed through the series of yellow, 
red, blue, and blucish-green tints, and this scries be repeated. Or if 
the more susccptiblc(2) bromine- and chlorine-compounds be em¬ 
ployed, the yellow and red rays are said, by Claudet, always to 
destroy, and never to continue the action.—^The non-appearance of the 
pictures, which is frequently ascribed to the imperfect preparation of 
the plates, or to the condition of the fiuids which are to accelerate the 
action, is attributed by Claudet in the majority of instances to the 
state of the light, inasmuch as the destroying rays may increase in 
intensity so as to overpower the efficient rays. 

Coloured Photogenic Drawings. —B. liecquercl(3) states, that if a 
small plate of silver be held over chlorine-water, at a distance of a few 
centimetres, it assumes a whitish tint after a few minutes; and if a 
solar spectrum, condensed into a few centimetres, be now thrown upon 
it, we obtain a representation of the latter with its peculiar colours. 
The yellow appears least distinctly. The plate may be still better 
prepared by immersing it into chlorine-water, until it has assumed 
a whitish, slightly rosy tint, or into dilute hydrochloric acid, the plate 
being connected with the positive pole of a galvanic batlery, or, lastly, 
into a solution of chloride of copper.—In order to obtain the yellow 
colour perfectly, the plate, after being well prepared, should be placed 
under a shade of combined red and blue cobalt glass, when it 
becomes purple in diffused light. The orange, yellow, gi’ecn and 
blue colours of the spectrum are then very readily retained. 
Becquerel considers the compound, formed by the above method, 
to be a subchloride, or a mixture of white protochloride with the 

(1) Phil. Mag. [3] XXXII, 199; Ann. Ch. Phys. [3] XXII, 348 ; Compt. Rend. XXV, 
703, 9.38. 

(2) Phil. Mag. [3] XXXII, 215. 

(3) Ann. Ch. Phys. [3] XXII, 451; /. Pr. Chem. XLIV, 358 ; Ding. Pol. J. CX, 25 ; 
Compt. Rend. XXVI, 181; Instil. 1848, 45, 54, 341. 
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subchloride, because when treated with ammonia, it becomes white, 
and behavps like the white chloride.—The coloured prismatic im¬ 
pression, however, is not retained under the influence of light; it is 
destroyed by the solvents of the protochloride, such as ammonia and 
hyposulphite of soda. 

Dagruorreotypes. —^But few new observations have been contributed 
to the production of Daguerreotype-pictures. 

Belficld Lefevre and Foucault(l) state, that if a silver plate 
be polished and iodized in the usual manner, and then exposed to 
three times the quantity of bromine-vapour, which suiflees to render 
the plate most susceptible to light, so that it assumes a dark-purple 
tint, the plate will be foimd to have acquired less susceptibility, but 
to be more adapted to reproduce the gradations of light of the lightest 
as well as of the darkest parts in the most complete detail; this 
is a quality, the absence of which is much felt in plates that are pre¬ 
pared in the ordinary manner. 

Kilburn(3) remarks, that electro-silvered plates take a better 
polish, and are more susceptible of the influence of light than 
Daguerreotype-plates prepared in the ordinary manner. 

Bou^(3) recommends the same process. 

Kilbuvn(l') obtained Daguerreotypes in a time of ten minutes, by 
the aid of the flame of a tallow candle, or an oil-lamp. 

i*iu>toirFai>hic Pictures on Paper. —^Thc methods of producing 
photographic drawings on paper have been improved. 

Blanquart-Evrard(5) moistens the paper which he uses for 
largo photographic drawings, by placing several moistened sheets 
behind it, and pressing it between two plates of glass. The fluids 
with which the two sides of the paper alternately arc moistened, 
are a solution of 1 part of nitrate of silver in 30 parts of 
distilled water, and of 35 parts of iodide of potassium with 1 part 
of bromide of potassium in 560 of distilled water. After the 
last bath, the paper is dried and preserved in the dark; when 
required for use, it is again moistened on the first side with a 
solution of 6 parts of nitrate of silver in 11 of crystal! izable acetic 
acid and 64 of water, and then exposed to the light in the 
camera obscura. The picture is brought out by the application 


(1) Ann. Ch. Phys. [3] XIX, 125; PhU. Mag. [3] XXX. 213. 

(2) Phil. Mag. [3] XXXII, 547 ; Dingl. Pol. J. CIX, 314. 

(3) Compt. Rend. XXIV, 466. 

(4) Phil. Mag. [3] XXX, 378. ' , 

(.5) Ann. Ch. Phvs. [3] XX, 100; Compt. Rend. XXIV, 117, 653; XXV^«12, 
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of a concentrated solution of gallic acid in large excess(l); it is then 
washed with water, a solution of 1 part of bromide of potassium in 
40 of water poured over it, again washed and dried, when the 
negative picture is complete.—^The paper for the positive pictures, 
a great number of which may be produced by means of the negative 
paper, is prepared in the usual manner, by means of solutions of 
chloride of sodium and nitrate of silver. 

Saguez(2) gives the following method for prepaiing photographic 
paper: 1. For the negative picture. Choose very fine paper of 
uniform transparency; immerse for three to four minutes in a 
solution of 5 grm. iodide of potassium in 120 grm. water; dry for 
twelve hours in the air. The paper assumes a pale rose colour, and 
may be kept in this condition for months in a dry place. If used 
for the purpose of producing a picture, a small quantity of a solution 
of 6 grm. nitrate of jilver, in 10 grm. acetic acid, and 60 grm. 
water, is poured on a plate of glass, and the paper laid upon it. It 
becomes covered with a dense and very sensitive layer of white 
iodide of silver (according to Saguez(2) sous-iodure). 2. For the 
positive picture. The paper is placed upon a solution of 1*25 grm. 
of chloride of sodium in 40 grm. of water until it is moistened 
uniformly; it is then pressed between blotting paper, placed upon a 
solution of 5 grm. -of nitrate of silver in 30 grm. of‘water, and 
removed, after a time, to be dried in a dark place. No care will, 
however, prevent its assuming a slight rose tint. The positive 
picture is fixed by means of a solution of 30 grm. of hyposulphite 
of soda in 300 grm. of water. 

Iodized Paper for Photoffcnie Drawings. — To prepare iodized 
paper for photogenic drawings, by means of a single solution, 
Jordan(3) recommends the precipitation of nitrate of silver by iodide 
of potassium, and the re-solution of the precipitate i,^.,a strong solu¬ 
tion of iodide of potassium. This solution is to be transferred to 
the paper by means of a glass rod; the paper after drying is to be 
immersed in water, which precipitates the iodide of silver on the 
paper. This is now laid upon water with the iodized surface 
downwards, in order entirely to remove the iodide of potassium. 

Brooke(4) states, that he has obtained photographic paper of 
extreme sensibility, by adding a small quantity of iodide of potas¬ 
sium to bromide of potassium. 


(l).Ann. Ch. Phys. [3] XXI, 447. (2) Compt. Rend. XXV, 633. 

(3) Mech. Mag. 1848, n. 1304 ; Dingl. Pol. J. CX, 78. 

(4) Instit. 1848, 66. 
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Sclionbein(l) states that starch-paste, when mixed with recently 
prepared iodide of lead, so as to give it an intense yellow colour, 
and exposed to the sunshine, rapidly assumes a black-blue colour, 
and th^ this mixture, in fact. Is the most susceptible of all known 
substances of the influence of light. 

Transference of Dasuerreotypes and Drawings to Photoffraphtc 
Paper. —Poitcvin(2) has published a method by which Daguerreo¬ 
type-pictures and engravings may be transferred to photographic 
p^per. The Daguerreotype, before the iodide of silver is washed off 
with h 3 rposulphite of soda, is to be immersed in a solution of sulphate 
of copper, so as to be employed as the negative pole of a voltaic battery. 
The copper is deposited upon the particles of mercury only, and not 
upon the iodide of silver, which is a bad conductor. The latter is 
then removed and the plate dried. If a solution of gelatine be now 
poured upon the plate and allowed to dry, the copper, and, con¬ 
sequently, a negative picture, may be removed with the gelatine ; 
the picture is then carefully placed upon photographic paper, and 
exposed to ditfused light for a quarter of an hour. The picture has 
afterwards to be washed with water and hyposulphite of soda, and to 
be dried. In order to obtain an impression of a drawing or an 
engraving, it is to be laid upon an iodized plate, and exposed 
to the lighlil the negative picture which results is then exposed to 
the vapour of mercury, and the subsequent process adopted is the 
same as that in the last case. 

Hetitod of obtaining ensraved Metallic Plates from Drawlnss or 
Ensravlnes.—Poitevin(3) has also invented a method by which we 
may obtain on plates raised or sunk impressions from drawings or 
engravings j these plates in their turn may be used for multiplying 
the impressions.—^The engraving is exposed to iodine vapours, which 
only adhere to the black parts; the sheet is then attached to a 
silver plate, polished according to Daguerre^s method, by means of 
slight pressure; the iodine is transferred to the silver, so that layers 
of iodide of silver are formed corresponding to the shadows of the 
engraving. The plate is then immersed into a concentrated 
solution of sulphate of copper, and used as the negative pole of a 
weak battery; it is removed before the iodized portions are coated 
with copper. The plate is at once washed, and. the iodide removed 
by hyposulphite of soda; the copper surfaces arc then oxidized by 

(1) Poffg. LXXIII, X36. 

(2) Compt. Reiul. XXVII, 13; Instit. 1848, 221. 

(3) Compt. Rend. XXVI, 153; Instit. 1848, 46; J. Pr. Chem. XLV, 233. 
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heat until they become dark brown, the exposed silver surfaces arc 
amalgamated after cooling, and the plate being covered with two or 
three layers of gold leaf, the mercury is volatilized by heat. The 
gold is brushed off from those parts which are covered with ^xidc of 
copper, and to which it does not adhere. The oxide of copper is 
then dissolved by a solution of nitrate of silver, and the silver, as well 
as the subjacent copper, exposed to the action of dilute nitric 
acid. The parts covered Avith gold arc not affected, so that the 
etching may be carried to any depth; the plate which is thus 
obtained, may be employed for taking impressions, in the manner in 
which wood-cut-blocks are used. 

In order to obtain plates engraved as deeply as the plates 
used for ordinaiy cojipcrplate engravings, a jilate of gilt cojiper is 
employed. By proceeding as above, the light parts are covered with 
copper, and the shaded parts being depi’ived of the iodine, the gold 
amalgam is removed from the shaded, and the oxide of copper from 
the light parts by acid. The latter will then be protected against the 
further action of the acid by the gold, and we obtain a deep en¬ 
graving. 

Peculiarities of certain Tapours adapted to the Production of 
Pictures.— NiSpee de St. Victor(l) has discovered two iicav ])roper- 
ties of iodine vapours, and endeavoured to employ them^p multiply¬ 
ing works of art.—^The first property consists in the deposition of iodine 
vapours upon the lines of engravings, drawings, &c., whether they 
consist of printer's ink, ink not containing gum, Indian ink, or mi¬ 
nium. If we then place the iodized sheet upon paper, a plate of 
glass,' porcelain, or ivory, &c., which has been covered with a layer 
of starch, the drawing is transferred with the blue, violet, or red 
colour of iodinated stai’ch. The best method is to immerse the 
drawing, first in ammonia-water, and then to pass itdthrough water 
acidulated with sulphmic, hydrochloric, or nitric acid. After drying 
it is exposed to iodine vapours, and the above-mentioned operations 
performed; the sheet is then placed upon the plate covered with 
starch-paste, and, after the, picture has been completely dried, a 
transparent varnish is applied, and it is put under glass. Several 
impressions may be taken without renewing the coating of iodine.—The 
picture may also be transferred and fixed upon silver or copper.— 
Iron, lead, tin, brass also receive the picture, but no means have as 
yet been discovered of fixing it.—The second peculiarity of iodine 

(1) Ann. Ch. Phys. [.“i] XXII, 85; Phil. Mag. [3] XXXII, 206; Sill. Am. J. [2] VI, 
258. 
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vapours consists in their being deposited mainly upon the prominent 
parts of embossed plates, so that we are also enabled to take 
impressions from these.—Chlorine possesses the same property as 
iodine ; but the picture is so faint, that it has to be rendered 
visible upon silver plates by mercury, on copper by ammoniacal 
vapours. Bromine produces no effect whatever.—The product of 
the slow combustion of phosphorus presents the same deportment as 
iodine; the fumes of nitric acid are mainly deposited on the light 
parts, and therefore give rise to a negative picture upon silver and 
copper plates. With regard to embossed plates, these fumes deport 
themselves like iodine. A negative picture may be obtained also 
from engravings, by exposing them to the vapour of warmed 
chloride of lime. Chcvrcul(l) has made a lucid report on the 
above subject. 

Photoerenlc Drawings on Class. —In order to transfer photogenic 
drawings to glass, Ni6pce(3) directs that from twelve to fifteen drops 
of iodide of potassium be added to the white of three eggs, which 
are to be beaten up to a froth, and the albumen allowed to run off. 
The former is put into a square vessel of porcelain, into which the 
glass plate is introduced vertically, and let down gently by a hook at 
one side, until it assumes the horizontal position and is covered by 
albumen, which is then dried at a temperature of not more than 15” 
or 20”. • The plate is then introduced into a mixture of acetate and 
nitrate of silver, in the same manner as it was immersed into the 
albumen, washed in distilled water, and placed in a dark chamber. 
Gallic acid is employed to bring out the picture, bromide of potas¬ 
sium to fix it. 

Porro(3) communicates an account of a picture obtained by 
Zantedeschi, which is analogous to those of Moser, and was 
produced by porcelain plates coloured with oxide of cobalt upon 
white porcelain surfaces placed opposite. Laurent(4) remarks, that 
he had previously obtained, and published an account of, similar 
pictures. 

Seguier(5) has made a detailed report on the recent progress of 
photography to the society for the promotion of the Arts in Paris, 
incidentally to a distribution of prizes. 

Photographometer.— ^An instrument was constructed by Jordan 


(1) Compt. Rend. XXV, 785. 

(2) Compt. Rend. XXVI, 6.37; Instit. 1848, 183; J. Pr. Chem. XLV, 230. 

(3) Compt. Rend. XXV, 762. (4) Ibid. 784. 

(4) From Bull, de la Soc. d’Encour. Anil, 1848, 195, in Dingl. Pol. J. CVllI, 451, 
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in 1839, and improved by Hunt, for the purpose of measuring the 
intensity of the chemical power of solar light. A hollow cylinder, 
into which a triangular opening, with one angle upwards, is cut, is 
made to turn on its axis, which is placed perpendicularly to the plane 
of the ecliptic so as to rotate with the sun. A second cylinder, covered 
with photographic paper, revolves within the former in the opposite 
direction. The rays of the sun impinge upon the points as they 
pass by the triangular opening; the nearer they lie to the apex, 
the shorter the time of exposure will be. The mpre the visible 
photographic effect approaches the apex, the more powerful may the 
light be assumed to be. This apparatus, as well as the instrument 
constructed by J. Herschel, in 1810, requires to be moved by 
clockwork, and both only serve to measure the intensity, which varies 
with the period of the day. Claudct(l) has lately succeeded in 
producing what he terms a photographometer, by means of which 
we are enabled to measure, not only the intensity of the chemical 
rays, but also the relative susceptibility of the plates or chemical 
papers which have been prepared according to different methods. 
The plate or paper is attached at the lower edge of an inclined plane, 
and covered with a metallic plate, which is perforated horizontally 
with a row of cqui-distant round holes. A second disc slides along 
the inclined plane, in which there arc corresponding holes of 1, 2, 4, 
8, 16, 32, and 64 millimetres in diameter. This second plate is 
fixed in a black cloth, which moves with it, in such a manner that 
the rays of light can only impinge upon the prepared plate, during the 
time which the openings of the moving plate occupy in passing over 
those in the one at rest. It is evident, that the ratios of the periods 
of operation for the adjacent perforations must be as 1, 2, 4, 8, &c. 
When a very weak light is employed, as in instituting a comparison 
between the solar and lunar light, it is necessary to hst the moveable 
plate fall repeatedly, and to calculate the ratios of the intensities 
accordingly.—If we wish to compare plates that have been prepared 
according to difierent methods, they must be placed in juxtaposition, 
and two moveable plates allowed to slide down at the same time, as 
the intensity of the light varies every minute. 

Claudet has ascertained by means of his apparatus, that pure 
solar light renders iodo-bromidc of silver susceptible .of the 
vapour of mercury in -roTro-fli of a. second. He considers the appa¬ 
ratus adapted to solve the following questions. What is the effect 
of the compound light, and what that of the separated rays of the 


(1) Phil. Mag. [3] XXXIII, 329; Instit. 1848, 318 ; Compt. Rend. XXVII, 370. 
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solar spectrum ? What is the amount of loss in the chemical rays 
by ordinary or total reflection, or by refraction through lenses? 
What is the intensity of the chemical rays in the various sources of 
light ? What influence does the atmosphere exert upon the chemical 
rays? 

Ronalds(l) has invented a method of photographic self-regis¬ 
tration of meteorological and magnetic phenomena. 


Photogra* 

pbometcr. 


MAGNETISM. 

SnstalttlnK Power of BfoBnets. —^It is now several years since 
P. W. Hacker(2), an ironmonger at Niimberg, proposed for the 
sustaining power of horse-shoe steel magnets, (when so far saturated 
that their magnetic power can no longer be weakened by frequent 
removal of the armature), the purely empirical forraula(I), deduced 
from numerous experiments,— 

(I) 

where P represents the weight of the magnet, z its power, both in 
Bavarian loths (1 kilogr. = 1*786 Bavar. pounds = 57*152 Bavar. 
loths), and a a constant magnitude for a homogeneous mass of steel. 
With good magnets the value of a can be raised, according to 
Hacker to that of log. a = 1*6, and, when external disturbing 
influences are excluded, will remain constantly at this point. How-, 
ever, this value a depends much on the nature of the steel, as well 
on the working of it in the Are as on the degree of hardness, but 
not sensibly, within certain limits, on the size or form of the magnet. 
The weight of a great number of magnets which were examined was 
between loth, and 40 pounds, with very different dimensions 
of the legs, whose length in the heaviest magnet reached 31 inches. 
Within these limits it seems to be indifferent, whether the section of 
the limbs is round or rectangular, whether it is square or oblong, 
whether one of them is somewhat longer or shorter than, or nearer 
to or farther frojn, the other, indeed, even whether they consist of-^ne 
piece or of several laminae. 

Thus also the sustaining power of straight magnetic rods, of weights 


(l)Sm. Am. J. [2] III, 428. 


(2) Pogg. Ann. LVII, 321. 
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between i and 81 loths, and of lengths between 2 and 18 Parisian 
inches, may be calculated, when they have been raised as nearly as 
possible to their point of permanent saturation, by doubling the 
power found to belong to one pole(l). 

Hiickcr givcs(2) for the times of oscillation of straight magnets, 
moving in a horizontal plane the empirical expression,— 

T‘.t= ^yT 


where L and / represent the lengths, and F and / the section- 
surfaces of the rods. If then for the section we substitute the 
weight divided by the length, making the time of oscillation of a rod 
of length ly and weight 1 equal to c we obtain: 

(II) T^c 

The experiments from which this formula is deduced, were made with 
magnet-rods from 3 to 22 inches in length, and from 1 to 103 loths 
in weight. Hacker takes log c = 0*432, in this case, how^ever, we 
must again express P in Bavarian loths, and L in Parisian 
inches (3). 

The times of oscillation calculated according to this formula, within 
the specified limits, agree tolerably with observation, as well in the 
case of cylindrical as of rectangular rods; with the latter, even when 
they consist of several lamina) of inconsiderable breadth laid one 
upon the other. 

In the course of these researches the remarkable observation 
occurred to Hacker, that with straight magnet-rods, at any de¬ 
gree of saturation, the product a c® remains always constant. If 
, now we multiply equation (I) by the square of equation (II), we 
obtain— ^ 


(III) ^ 

an equation, by means of which a c® being ascertained once for all, 
the attractive power of a straight magnet, for all degrees of satu¬ 
ration, can be deduced from its time of oscillation, which can be 
determined very easily and accurately. Hacker^ determined for 
Nurnberg log a c® = 2*464. 

He also endeavoured to determine the conditions, on which depends 


(^) Ann. LXII, 3G6. 


(2) Ibid. LVIl, 337. 


(3) Ibid. LXXII, 68. 
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the duration of the oscillations of magnets whose dimensions do not 
fall within the above-mentioned limits. Since, however, the results 
obtained by him in this direction do not seem to offer an equal 
interest either in their practical or their scientific bearings, it may 
suffice here to refer to the papers which treat of them(l). The fact 
is not unimportant, that untempered steel retains somewhat more 
than half the magnetic power that can be conferred permanently 
on tempered steel. 

IIlicker docs not speak of the quality of the armatures selected 
by him, which nevertheless, as we must conclude from the later 
experiments of Dub on the sustaining power of electro-magnets(2), 
must also have a very important influence in the case of steel- 
magnets ; and this, besides, has been before pointed out by earlier 
experimenters. 

With reference to the sustaining power of electro-magnets, Jakobi 
and Lenz(3) had enounced, as founded on observation, the pro¬ 
position, that, under conditions in other respects similar, the total 
attraction, *. e. the mutual adherence, of two straight cylindrical 
electro-magnets, or of one electro-magnet and one armature of soft 
iron, is proportional to the square of the strength of the current. 
This proposition, stamped as it seemed to be with truth, can, however, 
according to J. Dub^s researches, be accepted as correct, only within 
very narrow limits, and for certain forms of armature, while for 
armatures of other forms, the proportions appear entirely different. 
Dub shows generally, by numerous experiments, with keepers of 
various dimensions, that these have a far greater influence on the 
amount of the sustaining power than has been hitherto supposed. 
Not only docs the mass of the keeper, but also its length, and 
the magnitude of its surface in contact with the magnet, claim 
consideration as of essential import. We obtain from Dub^s 
researches no information concerning the laws of this connection, so 
that it is not, therefore, as yet possible to give any general state¬ 
ment of the most appropriate form and magnitude of the 
armatui’e. 

Some experiments on the same subject have been narrated by 
Barral(4), according to which the attraction increases with the 
weight of the keeper, and reaches its maximum, when the electro¬ 
magnet and keeper are of equal weight. The series of experiments 
of Dub, which are far more comprehensive, and more fully 

(1) Pogg. Aim. LXII, 63 ; LXXIV, 394. (.3) Pogg. Ann. XLVII, 403. 

(2) Ibid. LXXIV, 465. (4) Conipt. Rend. XXV, 757. 
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^jjoweroV* tlescribed, agree with this indication only so far, that for a given 
niagneta. elcctro-inagnct, and given diameter of the keeper, a eertain amount 
of sustaining power cannot be exceeded. This limit, however, seems 
to depend more upon the length than on the weight, and to be the 
more slowly attained, the greater the strength of the current. 

Barral has also examined the law of the diminution of the sus¬ 
taining power under increasing distance of the mutually attracting 

A 

surfaces, and gives for it the expression y = -jr—where y repre¬ 


sents the force of the attraction in kilogrammes, and x the distance 
in millimetres; A, B, and C being constants dependent on the force 
of the current, as well as on the weight and form of the electro¬ 
magnet and armature. He states that A is greater than 1, that B 
is a fraction, and C lies between 1 and 2. It need scarcely be 
suggested that the truth of a law enunciated on such indefinite 
data requires farther confirmation. 

Law of Induction of MaKnetlNm In Bars.— Van Rees, of Utrecht, 
has published(l), a valuable theoretical inquiry on the induction of 
magnetism in regularly magnetized bars of steel and iron. The 
ground from which he starts is based upon the hypothesis now 
almost generally adopted by physicists—that every regular magnet 
consists of series of magnetically polar particles, which present to 
each other their dissimilar poles. This assumption, combined with 
the conception that the action, at a distance or externally, of each 
magnetic particle is proportional to the amount of its magnetic 
momentum,— i. e., that it is in the ratio compounded of those 
of its charge of the free magnetic fluids, and of their interval of 
separation {the distance of their poles from each other)—conducted 
him logically to the conclusion, that the charge (y) of the free 
magnetic fluid distributed over a disc, whose thiefehess is equal to 
the unit of length, ^d which wc consider as bounded by two planes, 
perpendicular to the magnetic axis, and at any distance (a?) from the 


middle of the rod, is equal to the differential quotient of the 

magnetic momentum (z) at that point, considered as a function of the 
distance x. 


In substituting, then, for y the algebraic expression calculated by 
Biot, on the known observations of Coulomb respecting the distri¬ 
bution of free magnetism on steel wires, (which expression, however. 


(l; Pogg. Alin. liXX, I. 


( 2 ) Traitd de Physique, III, 70. 
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in order to be adapted to this case, must be referred to the middle duXion'or 
instead of to the end of the magnet-bar), he arrived by integration 
at the equation xr = a —h which, when the distance a? 

and the moment z arc co-ordinates of a curve, belongs to the catenary. 

The three constants, a, 6, and fi, must be deteimined specially for 
each magnet. 

Wc may expect that this law, deduced in the first instance from 
the behaviour of steel magnets, holds good also for electro-magnets, 
which arc surrounded through their whole length, and uniformly, 
by wire-coils, since the current circulating round the iron bar exerts 
■oil all points of it the^ame magnetizing action, and, so long as it 
continues, supplies the place of the coercive power, which is wanting 
in soft iron. 

It is now several years since the induction of magnetism in electro¬ 
magnets was determined experimentally by Lena and Jakobi(l). 

They moved a very small induction-coil, whose wires were connected 
with a delicate galvanometer, successively over diflFerent points of the 
electro-magnet, and, a galvanic current of constant strength being 
passed through the electro-magnetic, helix, they measured at each point* 
the action which this part of the magnet exerted on the spirals 
of the induction-coil. The strength of the induced current was 
assumed to be equal to the sine of half the angle of deflection of the 
galvanometer-needle, and as an expression proportional to the 
quantity of the fluid separated at the corresponding point of the 
magnet. From the values so obtained, these physicists deduced 
the conclusion, that magnetism is developed under the influence of 
the cun'ent most strongly at the middle of an iron cylinder, that is, 
precisely where the free magnetism is at zero, and that from this 
point to the two extremities, the decrease of the magnetic separation 
follows a law which corresponds to a parabolic curve. 

Van Rees remarks, that Lenz and Jakobi have measured, by 
their method, not exactly the quantity, but tife momentum of the 
magnetic fluid separated at the various points; since, in fact, the 
strength of the induction is proportional to the quantity of the . 
dissimilar magnetic fluids separated, compounded with the distance 
through which they must return, to coalesce again at the instant of 
the opening of the magnetic circuit. These experiments may serve 
as a crucial test of the law discovered by Van Rees. The latter 
philosopher has with this view rc-calculatcd these results accord¬ 
ing to his own formula, and finds that they actually coincide even 

(1) Pogg. Ann. LXI, 271, 448. 
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more closely with it, than with the parabola indicated by the former 
physici8ts(l). 

Vanllees has, however, made some experiments himself to test 
the correetness of this law as applied to steel magnets (2). He used 
for this pui'pose, as did Lenz and Jakobi, a small induction-helix, 
which was moved over the magnetized steel-bars, being kept as close 
as possible to their surface. It was made to traverse, first from 
the middle outwards, then from points at various distances from the 
centre, and the momentary current thus produced was measured with 
the galvanometer. Its strength, assumed as equal to the sine of 
half the angle of deflection, must be proportional to the quantity of • 
free magnetism which existed in the portion of the bar enclosed 
between its extremity and the point from which the motion com¬ 
menced, and is taken as a proportional expression for the magnetic 
momentum at that point. 

Experiments of this kind were made with rectangular prismatic, as 
well as with cylindrical magnet-bars. The results exhibited generally 
a satisfactory concordance with the theoretical law. Those of the 
‘last observations only of each scries, namely, those of the strength 
of the currents obtained by drawing oiF the helix from the end of 
each bar, came out invariably somewhat less than the indications of 
calculation. Eor this reason, van llecs does not yet venture to 
consider the law proposed by himself as altogether proved. Now 
the discrepancies remarked certainly cannot be accidental, since some 
of them far exceed the limits of observational error, and, moreover, 
also occur in the series of experiments of the Petersburg physicists. 
They seem, however, to be only a result of lateral inductive actions, 
which, in the methods of cxiieriment selected, were not. to be 
altogether avoided, and which evidently, at the end of the bar, 
where their influence can only be exerted from one sid^s, must entail 
a comparatively smaller amount of action. It cannot be doubted, 
that it is in consequ^ce of similar actions, that the strength of the 
current always appears somewhat too great when the coil is drawn 
oflF from points in the neighbourhood of the magnet-poles. 

Van Rees takes, as above remarked, the strength of the momen¬ 
tary current, according to the example of Lenz and Jakobi, to be 
proportional to the sine of half the angle of deflection. The objec¬ 
tion might, however, be raised against the correctness of this 
assumption, that the first arc of deflection described by the gal- 
vanometer-ncedlc, cannot attain its total theoretical magnitude, by 

( 1 ) Pogg. Aim. I.XX, 20. (2) Ibid. LXXIV 213. 
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reason of the presence of that induction-current, which its own 
motion sets up in the spirals j an objection of which the validity 
cannot be easily decided a priori. Van Rees has, however, removed 
it by means of a series of experiments, in which, comparing the 
deflections observed, with those calculated (for a given magnitude 
of electromotive power exerted by induction, under known but 
variable resistances to conduction), he always found them equal to 
each other. 

• The experimental confirmation of the law proposed by van Rees, 
afibrds"also a full corroboration of the law of Biot, of the distribu¬ 
tion of free magnetism, which, indeed, forms the foundation of the 
former. The formula y = A (/i* — or, if the origin is taken 

at the middle of the magnet, y = — {fi^ — /ix”*), though at 
first applied only to magnetized steel wires, may be employed with 
equal accuracy to calculate the distribution of free magnetism on 
straight magnet-bars of every kind. 

Alteration of Form toy Masnetism.— We have some experiments 
by the active physicist, Joule(l), on the influence of magnetization 
on the form of iron bars. He has found that bars, especially of very 
soft iron, are lengthened at the instant of magnetization, without, 
however, any alteration of their volume, so that therefore a pro¬ 
portional diminution of their section must simultaneously occur. 
-During the extinction of the magnetism (f. i., by interruption of the 
inducing current) the bars do not return perfectly, or, at all events, 
only very slowly to their original length. The sound known to be 
given out by iron bars at the instant of the entrance of the'eurrent into 
the coil around it, may be explained by this alteration of form.—Joule 
puts the elongation of Very soft bars proportional to the square of the 
intensity of the magnetism. In the case of iron hardened, or in a 
state of tension, as well as of steel bars, the elongation is irregular, 
and even passes, under very strong tension (such, e. y.j as that 
produced by a suspended weight), into a contrlfetion. 

Terrestrial iwaKnetlsin. —Lamont(2) has syuoptically arranged 
several determinations of the mean horizontal intensity of the mag¬ 
netism of the earth, made partly by Langberg, partly by Ang¬ 
strom, and partly by himself. They were all reduced, for better 
comparison, for the 1st of January, 1845. Below are stated the 
mean horizontal intensities at— 
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(1) Phil. Mag. [3] XXX, 76, 225 } Arch. Ph. Nat. IV, 398 j .V, 51, (in abstr.). 

(2) Pogg. Ann. LXX, 150. 
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Terrestrial 

magne- 


Places. 

Determinations o! 

1 ^ 

Langberg. j Angstrom, 

Lamont. 

Copenhagen . 

1*6545 

1*6548 

— 

Altoua. 

— 

1*7262 

— 

Utrecht. 

— 

— 

1*7278 

Leyden . 

— 

— 

1*7234 

Cork. 

1 6486 

— 

— 

London, Greenwich .... 

Li.vim J 

— 

1*7250 

Woolwich .... 

> 1 / lyj ■< 

— 

1*7197 

Gottingen. 

— 

1*7849 

— 

Dresden ..... 

1*8377 

— 

< 

Brussels. 

1*7710 

1*7664 

1*7662 

Aix-la-Chapelle .... 

— 

— 

1*7810 - 

Bonn. 

1*8001 

1*7926 

1*7911 

Prague. 

1*8740 

— 

— 

Mannheim. 

— 

— 

1*8568 

Paris. 

1*8372 

1*8355 

— 

Stuttgard. 

— 

1*8969 

1*8870 

Tubingen. 

1*9048 

1*9011 

1*9034 

Strasburg. 

— 

1*8909 

— 

Augsburg. 

— 

1*9299 

— 

Ulm. 

— 

1*9186 

— 

Vienna . 

1*9731 

— 

— 

Munich. 

1*9386 

— 

— 

Berne . 

1*9625 

— 

— 

Geneva . 

1*9837 

— 


Roveredo. 

2*0317 

— 


Milan. 

2*0345 


— 

Venice. 

2*0674 

— 

*— 


Laraont finds the magnetic declination, also reduced on the 1st of 
January, 1845, to he at; 


Tubingen 17" 50/0 Brussels 21" 15/1 Leyden 20® 47/3 

Mannheim 18" 12/8 Utrecht 20" 19/0 London, Greenwch 23® 3/9 

Prom some comparative experiments on the times of oscillation of 
a magnet-bar in vacuo, and in air of various ^densities, which 
Lamont has conducted in concert with Kuhn, it appears that the 
retardation occasioned by the air, is as great as if the mass of the 
magnet was augmented by the mass of air which surrounds the 
surface of the oscillating body to a distance of 4 millimetres in 
every direction(l). 

Dlamai^netlsm. Rotation of the Plane of Polarization by Elec* 
tro-maffnets.— Matthiesscn(2) has found, among a great many kinds 
of glass, twenty-three which, between the poles of the magnet, 
rotate the plane of polarization more strongly than Paraday’s 


(1) Pogg. Ann. LXXI, 124, 

(2) Compt. Reud. XXIV, 969; XXV, 200} Pogg. Ann. LXXII1,*G5, 71; Arch. Ph. 
Nat. V, 126. 
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heavy glass. The silicates of lead are remarkable in this respect. 
Matthiessen has examined the influence of the strength of the 
electro-magnets, of the distance of the poles, of the inclination of the 
magnetic axes, of the thickness of the glasses, of their annealing, 
and of the multiplication of their surfaces, and he gives us a list of 
his most effective glasses (1). 

Bcrtin(2), in an examination of the rotation of the plane of 
polarization by the clcctro-magnct, or the wire-helix, has been the 
first to establish, under various circumstances, the law—that the 
rotation is always in the direction of the magnetizing current, or 
of the currents which, according to Ampere, would be set up, under 
the influence of the electro-magnet, in a piece of soft iron, placed 
in the position of the substance employed. He takes this opportu¬ 
nity of pointing out, that strong rotations may be obtained by 
inserting several glasses within a series of coils, which having their 
axes coincident, conduct the current in the same direction. A very 
convenient mode of making experiments on the rotation of the pole 
of polarization by one pole of the magnet, is that of placing a 
Norrenberg^s polarizing apparatus on the horizontal polar surface 
of a powerful magnet, the polarizing substance on the lower silvered 
mirror, and a Solcil’s plate of two rotations on the little table, 
which receives the crystal. The rotation is by these means doubled, 
the light passing twice through the polarizing substance. A glass of 
48"**" thickness gave a rotation of 21®.—^This arrangement is, more¬ 
over, adapted to exhibit the action of the magnet on quartz plates, 
since the peculiar rotation of this substance is compensated by two 
opposing effects. 

The amount of rotation, under a given strength of current, 
depends upon the nature of the substance, on the thickness of the 
lamina employed, and on the distance of the poles. Bertin found, 
that if one pole only is allowed to act on a piece of flint-glass 
39"**" thick, and if its distance is made to increase in arithmetic 
progression, the rotation of the plane of polarization diminishes in 
geometric progression. Thus, if A is the rotation which the flint- 
glass exhibits when in contact with the pole, and A r the rotation at 
1"*“ distance, then, at the distance ^r*""*, the rotation y = Ar^; let 
then c represent the rotation, produced by a lamina of 1*""" thick- 


(1) Compt. Rend. XXV, 173; Pogg. Ann. LXXIII, 77. 

(2) Ann. Ch. Phys. [3] XXIII, 5 i Pogg. Ann. LXXV, 420 ; Compt. Rend. XXVI, 
216, (in abstr.) ; Instit. 1848, 53; Pogg. Ann. LXXIV, 113. ’ 
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ness, in contact with the pole, then, for a body of e"’**' thickness, we 
have: 

A = c ^_ -- therefore y = c Q_ 

Thus the action of two poles, which have a distance rf, and between 
which an active body of the thickness e is placed, is expressed by 


® = ' (r=:7) (’” + 

Let Si z\ s" be the rotations, for the distances a;, a? + a, a? + 2 cr, 
z s' 

then —-f- r-** is a constant magnitude. This result, as 

well as some others, deduced by Bertin from the formulae, were 
most satisfactorily confirmed by observation. The magnitude c 
varies with the intensity of the magnetism, according to the same 
law in the case of all bodies, so that the proportions of the values 
of c arc dependent only on the nature of the substances. Bertin 
proposes to call c the coefficient of magnetic polarisationi and has 
determined it for the following substances, assuming it = 1 for 
Faraday^s flint-glass: 


Guinand’s flint-glass .... 0-87 
Matthiessen’s flint-glass . . . 0'83 


Very dense flint-glass.0-55 

Common flint-glass.0‘53 

Bichloride of tin.0*77 

Bisulphide of carbon.0*74 


Terchloride of phosphorus . . . 0'51 
Solution of chloride (tf /.inc . . . 0 .').') 
„ „ calcium . 0'45 

Water. 

Common alcohol (3G® B.) . . . 0*18 
Ether.0‘15 


Rotation by MaKnetlsm of the plane of Polarization In compressed 
Bodies. —Matteucci(l) has found, that, if polarized light is passed 
through crown-glass, flint-glass, and Faraday^s heavy glass, the 
SolciPs quartz-apparatus, which indicates the positiuii of the plane 
of polarization, being placed at zero, the rotation takes place on 
these bodies being compressed. If now an electro-magnet is 
allowed to act upon them, the rotation of the plane of polariza¬ 
tion is stronger in the direction of that exhibited under compression 
than in the contrary direction; while previously to the compression, 
the rotations, right- and left-handed, under converse currents were 
equal. Mattcucci found farther that the rotation produced by 
magnets was remarkably increased at higher temperatures, being, 
f. i., at the temperature of boiling oil, twice as great as at the 
ordinary temperature. 


(1) Ann. Ch. Phys. [3] XXIV, 354. 
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Action of Masnetism on radiant Heat. —Wartmann(l) has proved 
in the following manner the action of magnetism on the plane 
of polarization of radiant heat. A pencil of heat-rays from a 
Locatclli^s lamp is polarized by a bundle of mica, and passes 
thence through a cylinder of rock-salt, and then through a second 
bundle of mica, whose plane of polizaration is perpendicular to 
that of the first. Since the polarization is never perfect, the heat- 
pencil is always found still to affect a thermo-pile; however, this 
action is found to increase, as soon as an electro-magnet, whose 
pole is in contact with the rock-salt, or the current in a helix which 
encloses it, is set in action,—a proof that the plane of polarization 
is rotated. The effects arc but slight; however Wart man n considers 
them to be unequivocal. 

A paper by Airy(2) has appeared on the equations for light 
under the action of magnetism. 

HaKaietlsm as a general Property of Matter. —^The facts, indepen¬ 
dently observed by Brugmans(3) and by Lc Baillif('l) connected 
with the repulsion of bismuth by the magnetic pole, as well as 
that noticed by J. Secheck, that bismuth assumes between the 
poles a position equatorial or perpendicular to the magnetic axis, 
are now understood, from the extensive researches of Faraday(5), 
to be expressions of a generally diffused natural force, by which 
all bodies are either attracted or repelled by the magnet. To the 
first, or magnetic, class of bodies, of which iron is the type, 
belong, according to Faraday, nickel, cobalt, manganese, chromium, 
cerium, titanium, palladium, platinum, osmium, aluminum, as 
well as all natural and artificial compounds of these metals. 
Besides these, paper, sealing-wax, indian-ink, porcelain, asbestos, 
fluor-spar, minium, cinnabar, peroxide of lead, sulphate of zinc, 
tourmaline, graphite, shellac, and wood-charcoal prove to be slightly 
magnetic. To the second group of bodies which Faraday names 
diamagneUCf belong bismuth, antimony, zinc, tin, cadmium, sodium, 
mercury, lead, silver, copper, gold, arsenic, uranium, rhodium, iri¬ 
dium, tungsten, and many compounds of these bodies; as also 
alum, chloride of ammonium, soda, calc-spar, tartaric acid, citric 
acid, alcohol, ether, nitric acid, sulphuric acid, hydrochloric acid. 


(1) Fogg. Ann. LXXI, 573. 

(2) PhU. Mag. [3] XXVIII, 469; Pogg. Ann. LXX, 272. 

(3) Pogg. Ann. X, 293. 

(4) Ibid. 507. 

(5) Phil. Trans. 1846, 41 ; Phil. Mag. [3] XXVIII, 455 ; Pogg. Ann. LXX, 24. 
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iodine, phosphorus, sulphur, rosin, wax, olive oil, oil of tui*pcntine, 
of caoutchouc, sugar, starch, gum, wood, ivory, 
motter. Plucker(l) has made some observations on certain phenomena 
dependent on the magnetic, or diamagnetic property of liquids. 

• The distance between the two polar pieces of the electro-magnet 
being 2*5™"', a watch-glass, cut from a globe of 36"*“ radius, 
and so far filled with a solution of sesquichloridc of iron, that its 
surface was bounded by a circle of 35““ diameter, was placed on 
the polar pieces, so that it touched their extreme points. The circuit 
being closed, the surface of the liquid seen from above, formed 
an ellipse, whose major axis, 40““long, fell in the equatorial 
plane, and the minor, 25““ long, in the magnetic axis. In the 
centre the liquid was elevated more than 1““, so that it formed 
a convexity about the equatorial plane. ' The distance of the poles 
being increased to 8““, the elliptic form was converted into an 
oval; and at 15““, and even more decidedly at 23™“, the longer 
axis of this figure eoincided with the magnetic axis. Solutions 
of protochloride, and of sulphate of protoxide, of iron and of nitrate 
of protoxide of nickel exhibited similar, but weaker, actions. If 
the liquid contained in the watch-glass were diamagnetic, it w'as 
seen to extend itself in the axial, and to contract in the equa¬ 
torial direction, forming a depression about this latter plane. 
Pliicker is of opinion that a method may be founded on the 
observations here described, not only of discovering the slightest 
trace of magnetism or of diamagnetism, but also of measuring 
the strength of both. He proposes the following apparatus for this 
purpose. An open parellelopipedic box of thin brass is inserted 
between the vertical surfaces of the polar pieces. Into the lower 
part of one of those surfaces, which arc perpendicular' to the 
equatorial plane, there is cemented a glass tube which^iscs gradually 
outwards. The box being filled partly with a diamagnetic or 
with a magnetic liquid, o^ the circuit being closed,' the level in 
the glass tube is seen to rise in the first case, and in the second to 
fall. 

If the experiments on the direction assumed by bodies between 
the magnet-poles, are not conducted in vacuo, the results obtained 
are only relative, i. e. a magnetic body may arrange itself equato-, 
rially,- or a diamagnetic axially, if it is less strongly endued with its 
peculiar property than is the surrounding medium. We need but 
remember the observations of Faraday, according to which a 


(1) Pogg. Ann. LXX, 567. 
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solution of green vitriol, enclosed in a glass tube, and immersed in a 
more dilute solution of the same salt, assumed an axial position; but 
in a more concentrated, an equatorial. The magnetic behaviour of 
gases must be conceived entirely under .this view, if the experiments 
cannot be made in vacuo. The method of observation adopted by 
Faraday had indeed prevented him at first from recognizing the 
magnetism of gases j he believed that they should be placed at the 
zero-point of the magnetic scale. However, the remarkable pheno¬ 
mena presented by flames between the magnet-poles, which, disco¬ 
vered by Bancalari, and confirmed and pursued into detail by 
Zantedeschi(l), and by Faraday, led the English philosopher to 
a new series of researches (2), which elicited unequivocally the dia¬ 
magnetic and magnetic properties of the gases, which, moreover, 
have been confirmed in all essentials by Pliickcr. Faraday 
passed the gases through a curved tube, into the middle of the 
spacc^ between the polar surfaces, upwards if they were lighter, 
downwards if heavier than atmospheric air. In the escape-tube was 
placed a piece of bibulous paper moistened with hydrochloric acid; 
three receiving-tubes, open at both ends, were placed in the equa¬ 
torial plane, of which one was vertical, and directly over the mouth 
of the delivering-tube/ the two others being respectively right and 
left of the axial line, and somewhat inclined outwards; these three, 
each being provided with a piece of paper moistened with ain- 
monia, served to indicate the direction tak^ by the stream of gas. 
Walls of glass surrounded the field of observation so as to exclude 
interfering currents. A current of nitrogen gas, f. i., sent upwards, 
passed directly across the axial line into the receiving-tube placed 
over it. On the magnet being set in action, part of the gas-current 
immediately appeared in the side-tubes. If the stream passed, at 
first, somewhat at the side of the axial line, it was deflected entirely 
by the magnetic action into the nearer lateral tube, being repelled in 
an eqiqftorial direction,—it therefore behaved as a diamagnetic in 
atmospheric air. Hydrogen, carbonic acid, carbonic oxide, protoxide, 
binoxide, and teroxide of nitrogen, olefiant-gas, coal-gas, sulphurous, 
hydrochloric, and hy^iqdic acids, terfluoride of silicium, mercury- 
vapour, steam, ammonia, chlorine, iodine, and bromine.— h. stream of 
of oxygen, which, in the air, passed downwards between the poles, 


(n Pha. Mag. [3] XXXI, 421; Pogg. Ann. LXX, 286; Instit. 1848. 

(2) PhU. Mag. C3] XXX!, 401 j Pogg. Ann. LXXIII, 276; fnslit. 1848,13, 24. 
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a made, by the influence of the magnet, to approach the axial 

propertyof thcrcforc, behavcd magnetically in atmospheric air. 

‘^matter. This property seems to be still active in its combinations with 
nitrogen, since these appear to be less strongly diamagnetic than pure 
nitrogen. Faraday found, on substituting other gases for the 
air surrounding the gas-currciit, that atmospheric air, oxygen, and 
binoxide of nitrogen appeared magnetic in carbonic acid, in which, on 
the contrary, nitrogen, hydrogen, coal-gas, olefiant-gas, hydrochloric 
acid, ammonia, carbonic oxide, and protoxide of nitrogen were 
diamagnetic. In coal-gas, common air, oxygen, and even nitrogen 
are magnetic ; in hydrogen, air and oxygen are magnetic, the other 
gases being diamagnetic. 

• Faraday ascertained, by placing in the mouth of the escape- 

tube, a spiral platinum wire, which could be heated at pleasure by 
the electric current, that, by raising the temperature, the diamag¬ 
netism of the gases could be exalted. A hot stream always behaved 
as decidedly diamagnetic in a colder medium homogeneous with 
itself. 15y this single experiment, all the phenomena of flames 
obsciYcd, and repeatedly varied by Zantedcschi, by Faraday, and 
by Pluckcr, are explained. If the flame stands near the axial line, 
it is driven into an equatorial position by th(v magnetism, the flame 
being so much the more compressed between the poles as these 
approach more nearly to each other. It expands itself in the form 
of a fish-tail, and at-dast becomes cloven into a bifurcated form. 
The flames serve but to render visible the diamagnetic deportment of 
the hot current. The same phenomena arc observed, in even 
greater regularity, with the smoke-current of a smouldering taper, 
of a .pastile, or of the flame of oil of turpentine.—Incidentally to 
his researches on the diamagnetism of gases, Plucker(l) describes 
an experiment oq the diamagnetism of gases, whiA seems to him 
to prove that the air in the neighbourhood of the pole becomes 
rarified by the repulsive power of the magnet. He placed between 
the poles a vessel of brass plate, which fitted tightly upon their 
surfaces, so that it occupied the entire space between them. The 
vessel was closed air-tight, a glass-tube of 1""" diameter, being let 
into the centre of one of the side-surfaces, in a horizontal direction. 
By a drop of alcohol placed in this tube, the enclosed air was sepa¬ 
rated from the outer atmosphere. The magnetism was now excited 
by 12 of Grovers cells, at the same instant the alcohol-drop 

(1) Pogg. Ann. LXXIII, 579. 
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moved 3“““ towards the mouth of the tube, and instantly returned to 
its former position on the voltaic contact being broken. 

Plucker(l) has employed a peculiar method of his own to com¬ 
pare the magnetic power inherent in equal weights of different 
substances, and to observe its alterations under vaiying temperatures. 
A watch-glass is filled with the substance to be examined, of which 
all excess is removed by sliding over it a ground glass plate, which 
forms a close cover to the watch glass. It is set in a thin ring of 
brass, which hangs from one end of the beam of a balance, in which 
there is no iron except at the axis. The watch-glass rests on the 
two rounded ends of the polar pieces of an electro-magnet, on a 
single point of each. If it is filled with a magnetic substance, it is 
attracted on the induction of the magnetism; the scale hanging 
at the other extremity of the beam is now charged with fine sand or 
small bits of paper, until the watch-glass is detached from the poles; 
the weight of the counterpoise thus added is in each case the 
measure of the magnetic force. The watch-glass and the brass ring 
together, form a magnetic system, which is attracted, more weakly, 
however, when filled with a diamagnetic substance. The diminu¬ 
tion of the attraction gives in this case the measure of the diamag¬ 
netism of the substance under experiment. — The magnetic and 
diamagnetic bodies are placed in the watch glass, cither in solution, 
or as powder mixed with lard to a homogeneous mass. In this 
manner the proportions of the magnetic poweilS, for equal weights, or 
for the equivalent weights of the bodies, may be measui’cd, provided 
that the substance is not so closely packed, that the magnetic induc¬ 
tion of the particles on those next to them can exert any appreciable 
influence; for only in this case can the total attraction be propor¬ 
tional to the number of attracted molecules. The total attractions 
of the magnet on four solutions of protochloridc of ii*on, in which the 
quantities of the uniformly distributed magnetic substance were in 
the ratios 8 : 4 : 2 : 1, were found to be in exactly the same 
numerical proportion, so that, here, it is evident tha4 no disturbing 
actions of induction were introduced. Experiments with iron filings, 
which were placed in the watch-glass, at first, alone, then mixed with 
lard, proved that the inductive actions, where they occur, diminish 
the total attraction, provided that the scale-pan touches always the 
surfaces of both polar pieces. We select the following(2) frojn his 
numerous results: 

(1) Pogg. Ann. LXXIV, 321; LXXV, 177; Arch. PIi. Nat. IX, 308. 

(2) Ibid. 31.3, 3!i3, 356. 
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MAGNETIC ATTRACTION 


Iron .... 

, 100000 

Magnetic iron ore 

40227 

Sesquioxide of iron, 1. . 

. 500 

tt II II II. • 

. 286 

Hydrated sesquioxide . 

. 156 

Green vitriol . 

. 78 

Nitrate of sesquioxide 

of iron 

(satur.) 

34 

Hydrochloric acid 

. . 98 

Sulphuric acid 

58 


FOR EAUAL WBIGRTS. 

Sesquioxidel Nitric acid 
of iron > Hydrochloric acid 
dissolved in J Sulphuric acid . 

Iron in a solution of sulphate of 
scsquioxide of iron 
Protoxide of nickel . _ 

Hydrate of protoxide of nickel 
„ „ sesquioxide of manganese 

Proto-sesquioxide of manganese ^ . 
Manganese in its proto-sesquioxide 


287 
51G 
332 

474 

35 

106 

70 

167 

232 


The dissimilarity of these values for the sesquioxide of iron pre¬ 
pared in various ways, sufficiently proves the irregularity of the 
results. Pliicker ascribes the discrepancy to the presence of pro¬ 
toxide; being, however, still uncertain what number should be 
considered as corresponding to pure sesquioxide of iron. Since the 
magnetic potver of a chemical compound may be considered either as 
belonging to the compound as such, or only to one of the consti¬ 
tuents in the pure state, we must consider under this view the 
magnetic forces represented in the above table, f. i., those calculated 
for the sesquioxide of iron, and for the iron in the saline solutions. 
Pliicker points it out as especially deserving of attention, that, in 
the solutions of the salts, the original magnetism of the sesquioxide 
is not weakened by the association of the acid, that the magnetism 
of the protoxide of nickel is increased about fourfold by the addition 
of the water of hydration, and that in the case of manganese the 
protq,-sesquioxide, which is formed by the ignition of the hydrated 
sesquioxide, is considerably more magnetic than the hydrate, as is 
also the case with the corresponding iron-compounds. 


DIAMAGNETIC RBFDI.8IONS FOR EAUAL 



Volumes. 

Weights. 


Volumes. 

Weights, 

Water .... 

100 

100 

Satur. solution of fer- 



Alcohol I. (0-813) 

93 

114 

rocyanide of potas- 



Alcohol 11. (0-851) 

122-5 

143 

sium. 

86 

70 

Ether . . . ^ 

93 

127 

Purified chloride of 



Bisulphide of ca 



sodium, powdered 

■— 

79 

• 

129 

102 

Teroxide of bismuth. 



Sulphuric acid . 

64 

34 

powdered . . 

— 

35 

Hydrochloric acid 

114 

102 

Sublimed sulphur 

— 

71 

Nitric acid . . 

71 

48 

Oil of turpentine 

107 

123 

Ox-blood, beaten 



Mercury . . . 

314 . 

23 

up .... 

122-5 

— 

Phosphorus . . 

172 

100 


It is difficult to understand on what grounds Pliicker inferred 
from these experiments and their results, that a simple relation 
exists among the numbers of the second column in the above 
table. 
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It was considered, till lately, as an established fact, that the 
magnetism of steel magnets was entirely destroyed by a white heat, 
and that at this temperature, even iron no longer obeyed the attrac¬ 
tion of the magnet. Pouillet, indeed, had stated that cobalt re¬ 
mained magnetic even at a very high temperature, but that, on the 
contrary, the magnetism of chromium ^sappeared at a heat some¬ 
what below redness, that of nickel at 350”, and of manganese, at 
25” or 20” below 0”. lleccntly, however, Faraday has found by 
experiments with powerful electro-magnets, that even white-hot iron, 
and nickel heated far above 350”, still followed the attraction; 
and riuckcr(l) has more closely examined the behaviour of the 
magnetic and diamagnetic properties under increasing temperature. 
A porcelain scale-pan suspended from a balance, precisely in the 
manner above described, over the two polar pieces, w'as filled with 
the substance, and heated, and during the cooling the w'cight 
necessary to detach it was frequently determined, while the tempe¬ 
rature was read off from a thermometer immersed in the substance. 
The experiments with nickel extended over temperatures from 340” 
to 32"; those with bismuth from 311” to 148”. The behaviour 
of these metals may be taken as typical, respectively, of the two 
classes of magnetic bodies. The curve, of which the abscissae arc 
formed, by the temperatures, and the ordinates by the intensities of 
the attraction, is, for nickel, at high temperatures convex to the axis 
of the abscissae, which forms an asymptote to it,—a condition which is 
irreconcilcable either with an absolute extinction of the magnetism, 
or with a transition to diamagnetism. At 350”, the magnetic 
force of nickel is at least 35 times less than at 50”. The mag¬ 
netism decreases most rapidly between 225® and 300”; at 275” the 
curve has a point of flexure, and is therefore, at lower temperatures, 
concave towards the axis of the abscissae. The diamagnetic curve of 
bismuth is very similar to the foregoing, only that the rapid 
decrease of the force occurs here within narrower limits, between 
245” and 255”. 

Faraday considered that it might be concluded from his experi¬ 
ments, that by an appropriate mixture of magnetic and diamagnetic 
substances, a perfectly neutral body might be produced; riuckcr(2), 
however, has been led by his observations to an opposite conclusion. 
A piece of carbon assumed an equatorial position between the i)olar 
points, when placed as close together as possible, but an axial, when 


(1) Pogg. Ann. liXXV, 177. 

(2) Ibirt. I.XXIT, 213; LXXllI, 617 ; LXXIV, .362; LXXV, 113. 
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ti8m*M*tt farther separated. With a certain arrangement of the 

pro^ertyof carboH placcd itself axially, when the current proceeded from 

matter, a single Grovers eell; it took up a determinate mean position, at an 
angle of 40^ with the axis, when three cells were used; with seven it 
stood exactly cquatorially. A piece of bismuth suspended in equili¬ 
brium in a balance at a distance of 3’5“™ was repelled diamagneti- 
cally, when the magnetism was induced by the action of tjight cells, 
with four it was magnetically attracted. When a single cell was 
employed, the magnetic power was considerably stronger. Pluckcr 
concludes from these experiments, that the diamagnetism increases 
more rapidly than the magnetism, with an increasing power in 
the electro-magnet; and he considers it to be quite iiidiifercnt, 
whether the increase of the intensity arises from the employment of 
a greater number of cells, or from a closer approximation to the 
poles. If these results are perfectly accurate, no absolutely neutral 
body can exist: for a body which behaves as neutral at any given 
distance, will be magnetic at a greater, diamagnetic at a less 
distance. 

The following experiments of Poggendorff and Wcbcr(l) 
have proved that diamagnetic repulsion can be exerted by the 
galvanic current, even without the intervention of iron; they offer 
at the same time a means of absobitely measuring the diamagnetic 
])ower. For these experiments a wire-coil was used, which being 
adapted especially for other objects, did not combine exactly the 
conditions most convenient for diamagnetic observations. A copper 
wire, one Parisian line in thickness, and weighing three hundred 
pounds, was wound on a wooden reel of 600™*" diameter, and 200“® 
length, so that the innermost spiral contained 1900“® of wire, 
and the outermost 2350““. In the interior of th«. coil a bar of 
bismuth of 308 6 grammes weight, 14““ thickness, and 210““ length, 
was suspended by some fibres of uuspun silk, so that it formed 
an angle of 45® with the plane of the convolutions of the coil, 
which was placed parallel to the magnetic meridian. One end 
of the bar' carried a plane mirror, in which the image of a scale 
2340.”™ distant was observed by means of a telescope. The oscilla¬ 
tions of the needle having been observed for some time, and it 
having been found that the position of equilibrium was variable, 
quite independently of magnetic influences, the helix was connected, 
with a Grovers battery of twenty-four cells, in which platinized lead 


fl) nrrl. Acad. Jicr., August, ISIS; Inslit. 1819, 60, 
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was substituted for platinum, the nitric acid being mixed with a 
strong dose of sulphuric acid; the contact was maintained till the 
bismuth bar had completed two oscillations.' During the two next 
oscillations the circuit was opened, and so on alternately. The mean 
of several experiments shewed an approach of '14'545 divisions of the 
scale, or of the position of equilibrium of tjie bismuth bar to 

the plane of the convolutions, whereby the diamagnetic action of the 
galvanic current was unequivocally proved. The duration of the 
oscillations of the bar was 168 sec., its momentum of inertia, taking 
the millimetre and the milligramme as the unit, A:= 1,176,000,000, 

therefore, the directive force of the needle D = A:=411*400, and 


the deflecting force of the current F — 


44-545 

4694 


D = 3903j (the dis¬ 


tance of the graduated scale from the min-or was 2347 divisions 
of the scale).—This deflecting power is equal to the product of 
the diamagnetic momentum of the bismuth rod. A, into the 
sine of the angle which it makes with the axis of* the coil, 
and multiplied by the product of the momentum of action f 
of the galvanic current, on a body in the centre of the coil, 

2 G 

into the cosine of the angle —We have, how-cver, f = if G 


denotes the galvanic niomehtum of Ijie current and R the semi- 
diameter of the coil; and since R has been found = Sl-O"**", and 
G, by the known method from the deflection of a nuigiiet-necdle, = 
1,170,000,000,000, r = 596, and, from the equation F A sin. 0 
cos. <^ = 3903, wc get A =13-1. To the unit of the galvanic momen¬ 


tum corresponds then a diamagnetic momentum 5= 


13-1 

596 


0022, 


and, therefore, for the weight-unit of bismuth, w'c have a mo¬ 
mentum = ^ 4 oqq ^ I™*'"' strongly magnetized steel 

contains about four hundred magnetic units. The horizontal fcompo- 
ncut of the terrestrial magnetic force being=1*84, it produces in 
the weight-unit of bismuth a diamagnetic power about 3000 million 
times weaker than the magnetic power of the weight-unit of strongly 
magnetized steel. 

Faraday had, indeed, expressed the opinion that the excitation of 
diamagnetism might depend upon the induction of electric currents; 
howxver the apparently perfect absence of true polarity in dianiag- 
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netic bodies led him to reject this notion. Only after Reich(1) had 
shewn that diamagnetic substances were really repelled from either 
pole of a magnet taken separately, but, that, when both poles were 
employed together, only the difference of their power exerted any 
action,—did Weber(2) return to the above-mentioned opinion of 
Faraday on the origin of diamagnetism; and he now succeeded in 
proving, in the following manner, the polarity of diamagnetized 
bodies. He placed a piece of bismuth in the plane, which bi¬ 
sected at right angles a small symmetrically magnetized needle, 
suspended from a cocoon-silk fibre, so that the poles of the needle 
had no sensible influence on the diamagnetic state of the piece 
of bismuth, which was fixed at some distance from it. He then 
placed a strong horse-shoe magnet, so that the place aheady occu¬ 
pied by the bismuth lay in the free space between its two poles, 
and so that its magnetic axis bisected the needle. The momentum 
of rotation due to the horse-shoe magnet was directly compensated 
by a magnet-bar placed in opposition to it, so that the needle was 
free to obey the action of the terrestrial magnetism. If now the piece 
of bismutll was moved downwards between the poles, the needle was 
immediately deflected; if the poles of the magnets, whose actions on 
the needle were mutually compensated, were reversed, the bismuth, at 
the same place, and in the same position, now produced the opposite 
deflection. If iron was substituted for the bismuth, the deflections 
were now, under similar circumstances, exactly the converse. Pog- 
gcndorff(3) and Plucker(4) have also described experiments which 
go to prove the polarity of diamagnetic bodies. Poggendorff recom¬ 
mends among other means, a small bar of bismuth, suspended between 
the poles of an electro-magnet, within a cylindrical wire-coil, whose 
axis is directed equatorially. So long as the electro-magnet is 
out of action, a current passing through the coil does not affect 
the bismuth; but as soon as* the electro-magnet is excited, a de¬ 
flection to the right or left, according to the direction of the 
current, is observed. The bismuth bar is, therefore, under these 
cirdtimstanccs, transversely magnetic in the equatorial position, so 
that the poles of the bismuth are presented to the analogous 
poles of the magnet. 

A peculiar action of the magnet-poles, on bodies of' organic 
structure, as well as on the optically uni- and bi-axial crystals. 


(1) Pogg. Ann. LXXIII, 60 ; Pliil. Mag, [3] XXIV, 127; Instit. 1849,119. 
(2Ubkl. 211. (.3) Ibid. 475. (4) Ibid. 613. 
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has been discovered by Plucker(l). Bodies of organic texture 
place the axes of their grain, as, f. i., the direction of the fibre of 
wood, &c., equatorially. Experiments with tourmalines, with double* 
refracting spar, rock-crystal, zircon, beryl, emerald, idocrase, and 
corundum, prove the existence of a repulsive action, which is 
directed upon the optic axes of these uniaxial media, and is 
always exerted if it is not masked by a predominating magnetic 
attraction. Experiments with mica, which behaves magnetically, 
and with topaz and sugar, which are diamagnetic, showed that 
there' is an equal repulsion of the axes of optically biaxial crystals. 
In the case of Brazilian topaz, arragonite, saltpetre, Glaubers^ 
salt. See., which are diamagnetic, and crystallize in prisms, whose 
axis coincides with the optic medial line, diamagnetism concurs 
with the repulsion of the axis, in determining an equatorial 
position. However, Pliicker ascertained distinctly the presence of 
the latter by the variation of the torsion-moment, which occurred 
according as the suspending fibres hung perpendicularly to the 
plane of the optic axes, or as they lay in this plane in the direc¬ 
tion of the medial line, or of the supplementary line. Pliicker 
has shown with a crystal of staurolite, that, in a perfectly opaque 
crystal, whose externd form is entirely obliterated, the position of 
the optic axes may be discovered by means of the magnet. He (2) 
farther found that a glass cylinder rapidly cooled, comports 
itself between the magnet-poles as a uniaxial crystal,—the axis of 
the cylinder assuming the position of the optic axis. 

Oersted(3), in a research on diamagnetism, has confirmed many of 
the earlier additions to our knowledge in this direction, especially the 
observation of Pliicker, that the same bodies which arrange them¬ 
selves equatorially between the poles when sufficiently near to each 
other, assume the axial position when they are raised above or 
placed below the axial line, or even*when the poles are removed 
to a certain distance from each other. Oersted states that dia¬ 
magnetic actions arc also observed in bodies whose entire mass is 
attracted by the pole, that is, in such as have been hitherto con¬ 
sidered as magnetic. Oersted is therefore inclined to divide 
diamagnetic bodies into such as are attracted, and such as are 
repelled; of the first he observes, that in the neighbourhoj^d of 
one of the polar edges they arrange themselves parallel to it, 

(1) Pogg. Ann. LXXII, 315. (2) Ibid. LXXV, 108. 

(3) Ann. Ch. Phys- [3] XXIV, 421; Phil. Mag. [3] XXXIV,.81; Pogg. Ann. LXXV, 
443; Inslit. 1818, 320, (more at lengih), 1819, 92; Arch. Ph. Nat. X, 49. 
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that the induction of the magnetic power is transverse in them, 
aa in diamagnetic bodies generally, with this difference however, 
that the poles of the needle are directed towards the clectro- 
magnct-poles of the opposite denomination. 

The theory of diamagnetism is, as may be readily conceived, 
not yet elaborated. Wcber(l) has subjected to an experimental 
test the opinion that the induction of diamagnetism depends upon 
molecular currents. If the currents of Ampere arc present in 
diamagnetic bodies, which are moved or rotated under the influence 
of a strong magnet; then, at the moment of this action, a current 
must be induced by them in neighbouring conductors, which indeed 
must be extremely weak, and can only be observed if the power of 
the strong magnet is constant, so that no disturbing inductive action 
should occur. Upon the circular terminal surface of a straight 
iron core was placed an induction-coil of 300 metres of copper 
wire, enclosing a space 140“*™ long, and 15"*"* wide. A bar of 
pure bismuth fitted into this space, and, the iron core being kept in 
as constant action as possible, was alternately pushed down into 
it, and drawn out; while the commutator, to which the extremi¬ 
ties of the induction-coil passed, was each time inverted; the 
wires of a sensitive galvanometer terminated in the same commu¬ 
tator. In a second series of experiments, the commutator w^as 
placed in positions exactly the converse, on the entrance and 
removal of the bismuth bar. In a third scries the positions of 
the first were repeated, and so on. The comparison of the mean 
value of the results of each different series from the second to 
the .sixth, with the mean of those immediately preceding and 
succeeding it, gave the following results :— 

2. 514-02 = 516-82 — 2-80 

3. 518-72 = 515-53 + 3-10 

4. 517-04 = 520-36 — 3-32 

5. 522-00 = 518-47 -f 3 53 

6. 519-90 =. 525-43 — 5-53 

which place beyond doubt the induction'of a current through 
the bismuth, since the mean value for the one position of the 
commutator is, throughout, invariably greater than for the other. 
Counter experiments, with a small iron bar, showed that bismuth and 
iron, under similar circumstances, induce opposite currents, whence 
it follows, that the molecular currents also in the bismuth arc in 
a direction opposite, to those in the iron. The reason why these 

(1) Pogg. Ann. LXXIII, 217. 
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currents circulate in diamagnetic bodies in opposite directions to . 
those in magnetic, is certainly still in obscurity. Weber thinks 
that, whereas hitherto only already existing molecular currents matter, 
have been considered, to which the induction gives a uniform di¬ 
rection, we may assume, for the explanation of the phenomena of 
diamagnetism, the excitation of molecular currents, which, once 
sot up, continue until they are cancelled by the action of a 
new antagonist induction. 

Zautedcschi(l) reports—Istly, that magnetism is far more 
diffused over inorganic nature than Faraday has assumed; 2ndly, 
that all organic bodies are diamagnetic; 3rdly, that repulsion 
between molecules depends on diamagnetism, and 4thly, attraction 
between them on magnetism; that, therefore, chemical combina¬ 
tions of magnetic elements must be much more stable than of 
diamagnetic. 

A treatise by De Haldat(2) enlarges upon the universality of 
magnetism. 


ELECTRICITY. 

rftnductinMT Power of Flame.— It hats been long known, that 
flame possesses a i)roperty subversive of electricity. Whoever 
is engaged in electrical experiments avails himself of this property, 
to rid plates of resin, and handles of glass or shellac, of ad¬ 
hering electricity. With respect to the cause of this behaviour, 
the labours of distinguished physicists for upwards of one hundred 
years have only established thus much,—that flame possesses a 
very strong conducting power for electricity, which can neither be 
explained merely by the rise of temperature of the air, nor by any 
conducting property of the aqueous vapour contained in the hot 
air of the flame, nor by a current of air, or a removal of elec¬ 
tricity by the volatile particles that rise from the flame; for not 
one of these influences by itself evinces the conducting-power in so 
high a degree as flame. However, Volta made use of the flame 
of a lamp to draw electricity from the air, and collect it in his 
condenser. 

(1) Tnstit. 1818, 102. 

(21 Compt. Reml. XXII, 7:19; lns,ii(. 1816, 113; Ann. Ch.'TUys. [3j XIX, 113 ; 
Phil. .Mag. [:'] XXA, 319. 
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A few )[ears since, Iliess(l) observed that the action of dame 
extends over much greater distances than does the upward current 
of hot air, or than this could make the air conductive; and that 
it extends in directions (f. i. laterally from the flame) in which 
this current does not move at all. From this he concluded that 
the flame acts not only by direct communication, but also by induc¬ 
tion (influence), and hence endeavoured to reduce the effect of flame 
to that of points. He started from the consideration, that the 
current of hot gas ascending from the flame, and conducting the 
electricity, was repeatedly cut into and divided by the cold air 
(which does not conduct electricity) streaming upon and penetrating 
it, so that there are formed points and threads as it were of the 
conducting gas, which become more and more attenuated, and arc 
gradually dispersed through the air under the influence of the 
colder surrounding medium. These serrations and points now exert 
their powerful influence in inducing electricity in all directions and 
to considerable distances, producing by this means precisely the 
effects of good conductors. 

The action of points is also exhibited by substances that do not 
burn with flame, but merely smoulder, as tinder, slow-match, wicks 
or pastiles; Riess proves, however, that in this ease, when they cannot 
be caused by the ascent of incandescent gases, they originate in the 
combustion at the surface of the body itself(2). 

Several objections that had been made by van Rees(3) against 
the mode of explanation given by Ricss, have led, within the last 
two years, to a scientific dispute between these two physicists, in 
which the latter had the advantage, and which has considerably 
increased the probability of his explanation (4). ^ 

Means of Insulation. —^According to communications of Mat- 
teucci(5) the insulating property of dry gases diminishes perceptibly 
even within the interval of temperature from —10” to •+■ 20”. 

Shellac and sulphur likewise commence to conduct electricity even 
at 25”—30”. 


Riess(6) has remarked that shellac-sticks, freshly prepared, retain 
electricity much better than after a few days. This results from 
the agency of the atmosphere and from other inevitable influences on 


(1) Berl. Acad. Ber. Febr. 1844; Pogg. Ann. LXI, 543. 

(2) Pogg. Ann. LXI, 55B. 

(3) Ilet institut of verslagen, etc. 1846, 62. 

(4) Pogg. Ann. LXXI, 568; LXXIII, 41, 307} LXXIV, 879, 580. 

(5) Compt. Rend. XXV, 324, 935. 

O ' Pogg. Ann. LXXI, 372. 
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the surface of the shellac. The use of the sticks, their repeated 
exposure to the point of the spirit-flame—^to make them non¬ 
electric—also tends to hasten the deterioration. Such sticks as 
have become unfit for use may he restored perfectly to their 
original state by washing them with alcohol. For this purpose 
they are slightly moistened with strong alcohol (spec. grav. 0‘81), 
wiped with a linen cloth, passed through a flame, and left to dry in 
a glass bell. 

Until lately wc were almost exclusively restricted to the use of 
shellac for efiicient insulation, as glass, or even silk, very easily be¬ 
come conductive by reason of their property of attracting moisture from 
the air. Within the last year (1848), Faraday(l) has drawn the 
attention of physicists to the highly insulating power of gutta percha, 
which not only possesses this property under ordinary circum¬ 
stances, but likewise retains it under atmospheric conditions which 
would make the surface of glass a good conductor. A good 
piece of gutta pcrcha insulates as perfectly as shellac, whether it be 
in the form of a disc, a stick, or a thread. It is, moreover, tough and 
pliable in the cold, soft in the heat, and hence preferable in' many 
cases to the brittle shellac. In the form of straps or cords, gutta 
percha presents an excellent means of suspension, and in plates it 
furnishes the best insulating supports. It forms excellent insulating 
stoppers for the ends of gold-leaf-electrometers if enclosed in tubes; 
larger stoppers furnish good insulating stuffing for temporary electri¬ 
cal arrangements. Cylinders of half an inch or more in diameter, 
possess great rigidity, and form excellent insulating supports. 
This good insulation, moreover, fits it admirably for exciting negative 
electricity. 

All the gutta percha of commerce does not insulate equally well. 
If, however, a conducting-piece be warmed in a current of hot air, or 
in a glass over a spirit-lamp, then spread out and kneaded for some 
time between the fingers, as though the moisture it contains were to 
be pressed out, as good an insulator as possible is obtained. 

A degree of insulation no less than that of gutta percha is 
possessed by collodion,—^the residuary substance obtained by the 
evaporation of an ethereal solution of gun-cotton. If the clear 
solution be spread over a glass plate, there remains, after entire 
volatilization of the solvent, a transparent cuticle, which, by merely 
passing the hand over it, or, more effectually, by friction with wool, 
becomes negatively electric, and obstinately retains this electrical 

(1) Phil. Mag. [3] XXXII, 165; Pogg. Ann. LXXIV, 154. 
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insulation. State. With regard to its chemical constitution, it is identical 
with the electric paper first prepared by Sch6nbein(l). Ualloons 
of collodion (see article on this subject) are particularly adapted for 
the institution of the fundamental experiments on electrical attraction 
and repulsion. 

Kiectrometry. —A few years ago, Kiess made known some electrical 
measurements(2), which he had obtained by Couloiiib^s torsion- 
balance. At that time, he pointed out that the management of this 
important instrument (which since Coulomb^s time has been little 
used, but found fault with by many on account of various imperfec¬ 
tions) was by no means so difficult, nor the attainment of good and 
concordant results with it by any means so uncertain as many physi¬ 
cists, from prejudice, and frequently, perhaps, in consequence of 
imperfect construction of the apparatus, appear to believe. In an 
instructive Memoir, “ On the determination of electric densities by 
the torsion-balance^^ (3), he returns once more in detail to this 
subject. He diseusscs the different methods of determination that 
may be employed, and. the calculations occurring with them, and 
shows the degree of certainty of each separately. He enumerates 
the various arrangements and precautionary measures which secure 
the success of the experiments, and by which the numerous influences, 
on which depends the more or less rapid dispersion of the elec¬ 
tricity communicated to the test-body, may be, if not entirely elimi¬ 
nated, at least referred to their causes and taken into account. 
A very complete description, illustrated by plates, of the torsion- 
balance employed by lliess, will facilitate the eonstruction of 
similar instruments in any place. 

H. Kohlrausch(4') of Rintelu gives a minute dweription of an 
electrometer constructed by him, according to Oersted^8(5), and 
to Dellmann's(6) principles, improved however in several points, 
by which, without any loss of delicacy in its indications of electricity, 
it becomes at the same time a real measuring instrument. The 
apparatus is actually nothing but the torsion-balance, differing however 
from the usual one of Coulomb, by being more adapted to measure 
electricities of low tension, but available in large quantities (f. i. the 
tension at the poles of a voltaic battery); while the latter is preferable 


(1) Pogg. Ann. LXVIII, 159. (2) Berl. Acad. Bcr. Febr. 1844. 

(3) Berl. Acad. Ber. 1847, 148 ; Pogg. Ann. LXXI, 359. 

(4) Pogg. Ann. LXXII, 353; LXXIV, 499. 

(5) Ibid. LIII, 612. 

(6; Ibid. LV, 301. 
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for measuring the effects of very small quantities of electricity of 
great intensity. The more minute arrangement of the apparatus 
cannot be rendered intelligible without a drawing. 

Condenser.— Kohlrausch(l) combines with this instrument a pe¬ 
culiarly constructed condenser, which is certainly somewhat com¬ 
plicated, though apparently well adapted for arriving at comparable 
results, and therefore useful; by its aid, he has succeeded in mea¬ 
suring the electric tensions of simple voltaic circuits with the same 
accuracy with which their electromotive powers may be determined. 
Kohlrausch found the electric tension of the open voltaic pile, the 
number of elements being gradually altered, very accurately propor¬ 
tionate to the number of the elements employed(2). He has likewise 
measiu’cd the electric tension of various closed constant circuits at 
the moment of breaking contact, and compared with it the simulta¬ 
neous electromotive power, which was likewise measured. He found, 
as anticipated, the most perfect proportionality between the tw'o 
scries of cxperiraents(3). 

Kohlrausch recommends, for preserving the plates of the con¬ 
denser out of conducting communication, the old form of appliance 
already described by Volta, viz. that of three insulating points. 
For this purpose both plates are provided, at three corresponding 
points near the margin, with a film of shellac varnish. Small 
thin pieces of shellac arc then melted on to the lower plate 
at the three places by application of heat below the plate, and 
after cooling, shaved off as much as requisite by means of a sharp 
knife. The arrangement must be so made, that both plates are 
always in contact with each other in exactly the same position, 
and that the upper one may be lifted off quite parallel from the 
lower one. According to Kohlrausch, by this arrangement, the 
condensing power could be increased to 260 times the quantity of 
electricity that the collector-plate, separated from the condenser-plate, 
was capable of taking up from the same source. 

To perfect the theoi^ of the condenser, B.icas(4)) has conducted 
a very elaborate experimental research. The apparatus which he 
employed consists of two plane brass discs 81’6 par. lin. in diameter, 
H-'" thick, with the margins rounded off. They are provided on the 
central point of one surface with cylindrical arms, terminating hemi- 
spherically, of 14-2-'" length, and ll-^V thickness. These arms are 
perforated through the axes, so that a conducting channel may be fixed 

(l) Pogg. Ann. LXXV, 88. (2) Ibid. LXXV, 94. 

(.^) Ibid. LXXV, 220. 

(4) Ibid. LXXIJI, 367; fieri. Acad. Der. 1847, 465 ; Instit. 1848, 217. 
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condenBcr. therein by means of a binding screw, and have, at right angles with 
the axis, a hollow into which is connected a glass rod 8" 2"" long, 
covered with shellac. The discs are fastened perpendicularly on a 
board by means of these glass rods and appropriate feet. The one, 
the condenser>plate, moves on a hinge, by which means it may 
be turned from the vertical position to one below the level of the 
stand; the other .disc, the collector-platc, stands on a slide, traversing 
on a horizontal prism, which is provided with a scale, and on which 
it may be fixed at will. The free surfaces of the discs could thus be 
brought into contact, and removed from each other in the direction of 
their axes; they form, therefore, when apart, a condensing appa¬ 
ratus, in which the insulating layer consists of air. When in use, 
the arm of the condenser-plate was provided with a horizontal 
brass wire, terminating in a small ball, which could be placed in 
conducting connection with the ground. After the collector-plate 
had received electricity, the condenser-plate was moved down, and 
the condensation, i. e. the altered arrangement of the electricity on 
the first plate, cancelled. 

A copper wire of thickness, and 8" 5"' length, fixed to the 
arm of the collector-plate, leads to a brass ball of 7'" thickness, 
resting on a separate glass foot, covered with shellac, and forming the 
end of the conducting-wire of the collector-plate. If the latter, stand¬ 
ing alone or opposite to the condenser-plate, was charged with electri¬ 
city, the fluid began to escape into the air, at different intensities of 
charge, according to the condition of the air, but always first from the 
ball, so that the electric density on the latter, at which the emanation 
commenced, always denoted the maximum charge of the instrument. 

Electricity was now imparted to the collector-plat^ by touching the 
extreme point of the ball with the knob of a charged Leyden jar(l), 
the electric intensity; at the same point of .the ball being measured 
with the torsion-balance, first when th* collector-plate stood alone, 
and then with the condenser-plate at different distances from it. The 
gradual loss of electricity, during the performance of these experi¬ 
ments, was taken into account according to the method described by 
B.iess(2), in his Memoir on the Torsion-Balance. 

. Thus, for instance, the intensity, while the condenser-plate was 
removed, being taken as unit, the following numbers were found: 

Distance of tbe plates « 50"' 20"' 15'" 10'" 5'" ,4'" 3'" 2'" 

Intensity at centre of 

collcctor-pl4te . . 1 0*897 0*683 0*595 0.492 0*335 0*286 0*235 0*173 

Intensity at the edge 1 0*941 0*828 0*731 0*617 0*460 0*412 0*341 0*260 


(1) Pogg. Ann. LXXIII, 388. 


(2) Ibid. LXXl, 366. 
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The condensing power, due to any given distance of the platps, 
is equivalent to 1 divided by the number representing the cor¬ 
responding intensity; e. g. the intensity 0*173, being contained 
about 6 times in 1, indicates that the collector-plate can take up 
about 6 times as much electricity with the condenser-plate at 
distance, as if the latter were entirely removed. 

It is evident that the intensity,, which is inversely proportionate 
to the accumulation, increases in slower progression than does 
the distance, and the difference of the ratios is greater, the greater 
the distances. At very small distances, therefore, the relation of 
the condensing power to the thickness of the condensing layer will 
approach more nearly to an inverse proportion. 

At the margin of the plate (if the electricity to be tested is taken 
from it) for equal distances a greater intensity is always shown, than 
at the ball in connection with the centre. The power, therefore, of 
a condenser is expressed by a lower number, if the electric body 
to be examined is brought in contact with its mai’gin, than if with 
the conductor attached to the centre. The length, too, of the 
conducting-wire which connects the arm with the ball, is not without 
its influence. Riess found that a piece of wflre of only 3*5'" length, 
inserted instead of that of 8" 5'", produced a sensibly better conden¬ 
sation. With a still longer wire the diminishing influence of the 
length ceases to be perceptible. 

Ri css has also compared the accumulative power of larger and 
smaller condenser-discs, and confirms the observation of Munck 
af 3oscnschbld(l), that the capability of the larger discs of collect¬ 
ing a greater quantity of electricity from the same source, not only 
arises from their taking up more when standing alone, but likewise 
from their possessing a condensing power, which increases with their 
size. 

If, for instance, we combine two small collector-discs, which, 
standing alone, are capable 'of receiving the same amount of elec¬ 
tricity as a larger one, and then adjust the condenser-discs at 
equal distances, in each case we shall find that the large condenser is 
able to contain a much larger quantity than the two small ones 
together.—Hence the advantage of batteries consisting of a few large 
jars over those which have a greater number of jars of the same 
aggregate extent of surface. The less the distance between the discs, 
the greater is the preponderance of the large condensers over the 


VOL. I. 


(]) Pogg. Ann. LXIX, 44, 223. 


Condencer. 



210 


PHYSICS AND PHYSICAL CHEMISTRY. 


Condenser, ohcs; this, howcvcr, disappears altogether at a eonsiderable 

increase of the distance. 

DlBcharge by Cascade. —Franklin was the first to propose, that 
the electricity which passes off from the external coating whilst the 
inner coating of a battery is charged, should be employed to charge a 
second battery j he recommended the graduated method (by cascade) 
as a means of charging a large number of jars with only a few turns 
of the machine. For this purpose the jars have to be connected by 
their alternate surfaces (stepwise), and then, after the charge is 
effected, all the internal surfaces are to be connected together, 
and likewise all the external, before making a discharge. 

Dove(l) now shows experimentally, that there is no necessity for 
changing the first-mentioned aiTangement of the jars; but that if 
the first internal, and last,external coating of a row of jars, connected 
stepwise, be brought into contact, a result is produced as powerful 
as if the discharge were effected after connecting all the internal 
and all the external coatings; although in the latter case we must 
have a re-combination of almost quadruple quantities of elec¬ 
tricity. 

The graduated discharge is in fact composed of a series of dis¬ 
charging currents. Let there be, for instance, four jars of equal 
size j ij, ig, is, i 4 their internal, Cj, Cj, Cg, 04 their external coatings; 
let e\ and ig, and ig, e., and 14 be respectively placed in contact 
during the charge, by means of a copper wire; now, if the discharge 
be effected by means of the discharger, between C 4 and i^, four 
discharging currents will at the same time take place in the 
several wires, viz., one in the wire i, 04 by means of a spark, 
and three without sparks in the uniting-wires e^ i^, C 2 ig, 
and 63 L 4 . 

If we term the quantity of electricity of the first internal coating 
E, and of the first external one m E, the second external coating, 
according to well known laws( 2 ), wif be charged with m^E, the 
third with m^E, &c. In short, the charges of the jars, following 
one another stepwise, are as 1 : m : &c., m, on account of 

the trifling distance between the coatings, representing a fraction 
which can differ but slightly from the unit. 

For the purpose of measuring the effect of the discharges. Dove 
was the first to employ Rie8s^8(3) improved electrical air-ther- 


(1) Berl. Acad. Rer. 1847, 148, 237 ; Pogg. Ann. LXXTI, 406. 

(2) Biot, Traite de Phys. II, 407. 
i 'S Pogg. Ann. XIi, 339. 
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mometer. When made part of the closing conductor between the 
internal coating i and the external Cg, Cg and 64 successively, the 
charges being the same for each, the rise of temperature caused 
by the discharges stood in the relation of the simple numbers 
1, 2, 3, 4. ^ 

If the thermometer was attached to the connecting-wire ej ig, the 
temperature rose, on the discharge being successively effected by the 
closing conductors ij ij e.,, i| e^. The elevation of temperature was 
the same for each of the connecting-wires, when the four jars were 
discharged by connecting ij and C 4 , and nearly the same as that 
obtained in the closing conductor itself. When, therefore, the con- 
necting-wircs from one jar to another are equal, we obtain in all of 
them the same phenomena of heat, and the heat developed in each 
wire increases constantly in the ratio of the number of jars that are 
stepwise combined with one another. 

If, after the charge is effected by cascade, all the internal and all 
the external coatings are put respectively in connection, the whole 
charge of the united internal surfaces will be E 
*. e. nearly 4 E, and.of the external surfaces m E (14* 
or nearly 4 m E. The relation of the two amounts of electricity 
1 : m therefore remains the same as it was when each jar was con¬ 
sidered by itself. 

The elevation of temperature in the air-thermometer by the dis¬ 
charge of one jar being expressed by t, we must obtain nearly 4^ by 
that of the entire battery of four jars; for the intensity of the electrical 
accumulation being the same, the elevation of temperature will be 
proportional to the quantity of electricity discharged(l). But the 
same elevation of temperature 4 1 was also obtained by the discharge 
by cascade between ij and 64 . Dove is of opinion, that this 
equality of effect whilst the quantities of electricity passing through 
the air-thermometer differ ^ much, can only originate in an in¬ 
equality in the periods of discharge; since in the above-quoted 
valuable treatise of Riess on the rise of temperature produced in the 
closing conductor of the electrical battery, it has been proved that the 
rise of temperature due to equal quantities of electricity, is inversely 
proportional to the duration of the discharge( 2 ). Consequently, if 
in the one case (the discharge by cascade) an amount of electricity =1 
passed through the thermometer in a unit of time, whilst in the other 
case a quadruple amount required a quadraple period, the heat pro¬ 
duced in both cases must ividently be the same. The proof is now only 

(l) Riess in Togg.Ann. XL, 342. (2) Pogg, Ann. XLlil, 47. 
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wanting of the fact, that, when the discharge takes place stepwise, 
the duration of the discharge does actually diminish in the ratio 
here stated. 

Dove has also examined the distance through which the discharge 
by cascade may be effected. The principal results of this investi¬ 
gation are exhibited in the following table of the calorific effects. 


Closing 

conductors. 

Ratio of electricities in 
the two surfaces. 

Caloric 

effect. 

Distance. 

ij c, 

1 : m 

t 

X 

•ifia 

1 : fWg 

2 t 

4 X 


1 : Wy 

3 t 

9x 


1 : wij 

4 / 

16 X 


The discharging distance therefore increases in the ratio of the squares 
of the numbers of the jars disposed step-wise. This holds good 
whether the spark-micrometcr be introduced in the external closing 

conductor, or in the connecting wires. 

Electrical Currents produced by the niscbargrc of tbe Jar^nttcry. 
—^The following papers on the effects of electric currents, produced 
by the discharge of the jar-battery, moreover, have appeared during 
the last two years. 

K. W. Knochenhauer, on the ratio of tension in the electric 
lateral discharge. Pogg. Ann. LXX, 106, 255. 

On phenomena connected with the electric charging current, by the 
same author. Pogg. Ann. LXXI, 343. 

These papers arc followed by others of the same author in Pogg. 
Ann. LXVI, LXVII, LXVIII, and LXIX. They do not permit of 
being given in abstract. 

Development of Eleetrlclty by Steam. —There is a good historical 
essay by Mousson in Arch. Ph. Nat. IV. 5. inUtled Coup-d*ml 
historique sur le developpement de VSlectridte par la vapeur d^eau. 

Voltaic Combinations. —N. J. Cal Ian, Professor of Physics in the 
Eoyal College of Maynooth, in Ireland, has attempted to substitute 
platinized lead(l) for the platinum in Grovers constant battery. 
It is not surprising that an arrangement of this kind, in which the 
lead is merely introduced as the conducting medium for the purpose 
of supporting a very thin lamina of platinum, should possess the 
same electro-motive power as Grove's battery, so long as the platinum¬ 
coating is sound, and we scarcely required experiments to prove 
the fact. It appears, however, that the platinized lead did not 

(1) Phil. M.'ig. [3] XXXI, 81, Pogg. Ann. LXXII in abstr., 49.’»; Arch. Ph. Nat. 
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answer the expectations of Callan as to its durability under repeated 
use, as, according to a subsequent notice(l), he employs cast iron 
troughs for the reception of the nitric acid, or rather a mixture of 
nitric and concentrated sulphuric acids. lie combined 577 elements 
with troughs of cast iron, and obtained, as may be supposed, extremely 
powerful effects. Poggendorff remarks, in reference to this appa¬ 
ratus, that although the cast iron is not likely to suffer much, so far 
as it is covered with the liquid, the parts external to the latter must 
very speedily be corroded by the nitrous acid fumes. 

Hence it follows, that neither platinized lead nor cast iron are 
adapted by their cheapness or actual utility to take the place of 
Bunsen^s charcoal cylinders. 

A real improvement in the constant battery which we owe to 
Callan, is however the addition, which he was the first to suggest, of 
concentrated sulphuric to the nitric acid; by this means, not only 
the conducting power is increased, but the action is maintained 
much longer uniform j in fact, it remains nearly so until the nitric 
acid is entirely consumed. 

A powerful galvanic arrangement of platinum or copper with an 
amalgam of potassium has being described by Goodman(2). A glass 
tube, closed below with bladder, and containing petroleum, was 
immersed into a glass vessel partially filled with sulphate of copper, 
to which a little dilute sulphuric acid had been added. In the 
vessel was a strip of platinum, and the amalgam, attached to a 
copper ^vire, w^as immersed in the petroleum. As soon as the 
platinum was connected with one, the copper wire with the other 
platinum wire of a small decomposing cell, a vigorous and continuous 
decomposition of the water ensued. 

Gas-uattery.— In 1842, Grove(3) described a species of voltaic 
combination, which he terms gas-batteiy, and which is essentially 
constituted as follows: glass tubes, open below and closed above, with 
strips of platinum fused therein, which previously had been platinized, 
i. e. covered with platinum-black(4), arc partially filled in pairs 
(H and 0) with hydrogen and oxygen respectively, and then each pair 
immersed in separate glass vessels containing acidulated water, in such 
a manner that the platinum of each tube is in contact with the dilute 

(1) Phil. Mag. [.3] XXXIII, 49; Pogg. Ann. LXXV, 128. 

(2) Phil. Mag. [3] XXIII, 207 ; Arch. Ph. Nat. IX, 305. 

(3) Phil. Mag. [3] XXI, 417 ; Pogg. Ann. LVIII, 202. 

(4) The platinum-black, or'extremely fine powder of that metal, is precipitated 
electrolytically upon the plates, from a diluted solution of bichloride of-platinum. See 
Pogg. Ann, LXI, 593. 
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acid. The platinum of the first hydrogcn-tuhc (Hj) is in metallic con¬ 
nection with that of the second oxygen-tube (Og), the platinum of the 
second hydrogen-tube (IIj) with the platinum of the third oxygen-tube 
( 03 ),and so on, and, finally, the platinum of the last hydrogen-tube with 
the platinum of the first oxygen-tube (Oj). When the circuit is closed, 
a current is established in the direction from the hydrogen through the 
acid to the oxygen ; it deflects the needle, decomposes water, and pro¬ 
duces all the known effects of voltaic-clectricity. The gases at the same 
time gradually disappear. If the battery is so contrived, that the 
quantity of the gases introduced and consumed can be measured(l), 
we observe that the ratio of the consumption of hydrogen and oxygen 
is, approximately, as 2 : 1. If a voltameter be introduced into the 
gas-battery circuit, we find that the volume of the gases evolved by 
the decomposition of the water is equal to the amount of gas disap¬ 
pearing simultaneously in each pair of tubes. Grove has undoubtedly 
drawn a correct conclusion from these facts, when he states the 
efficacy of the battery to be dependent upon the antagonism between 
these two gaseous bodies, h'or it is evident, that the strips of plati¬ 
num of all the hydrogeii-tubes, so far as they are moistened, and in 
the same manner those of all the oxygen-tubes, must suffer a 
change in the condition of their surfaces, similar to that of the 
battery-plates which arc polarized with hydrogen and oxygen, and 
thus rendered heterogeneous. The current does, in fact, pass just 
as it does between two platinum plates placed opposite to one 
another in acidulated water and dissimilarly polarized; i. e. from 
the hydrogen, which represents the zinc of the ordinary com¬ 
bination, through the liquid, to the oxygen. The current continues 
because the oxidized hydrogen is constantly replaced by newly- 
dissolved hydrogen. The duration forms, in reality, the only essen¬ 
tial difference between Grove's gas battery and Ritter’s so-called 
charging pilc(2) which is composed of polarized plates. 

It is necessary, if we wish to obtain an effective gas-battcry, to plati¬ 
nize the platinum strips, i, e, to invest them with platinum in a finely 
decided state; evidently because the spongy covering by its capillary 
action attracts the liquid into the gas-tilled space, and thus multiplies 
the points of contact between the gases, the liquid, and the metal. 

If the platinum strips are not in direct contact with the gases, i. e, 
if they are entirely immersed in the liquid, so that only those 
particles of gas which are held in solution by the latter, are in 


(1) Pogg. Ann. Erganz.-Dd. II, 369, from Phil. Trans, 1813,11, 91. 

(2) Compare: Pogg. Ann. LXI, 599. 
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contact with them^ the current does not actually cease altogether, but 
it is nevertheless very much weakened. 

When Grove, at starting, completely filled the oxygen-tubes of 
his battery with liquid, a current was perceptible, but one that was 
weaker than befi)te. In this case, the deficient oxygen was gradually 
taken up from the atmosphere, for if the atmospheric oxygen was 
entirely excluded, the current ceased after a time. Grove then 
filled the oxygen-tubes with nitrogen; and the current was found 
to be constant, though the external atmosphere was entirely excluded. 
The nitrogen, in this ease, merely served to afford the space, into 
which a little hydrogen was gradually introduced by diffusion. Con¬ 
sequently, at one platinum strip (the one surrounded by hydrogen) 
the hydrogen was oxidized, whilst at the other the same gas was 
evolved. This experiment, which at first sight appears rather 
startling, does not however differ essentially from the well-known 
fact, that a zinc plate forming a voltaic circuit with a plate of 
platinum in pure sulphate of zinc is oxidized, whilst metallic zinc is 
deposited upon the platinum. 

Grove has also investigated the galvanic effects of other gases, 
when substituted in the glass tubes /or oxygen and hydrogen. 
Effects similar to those just mentioned were, however, only observed 
when chlorine was substituted for oxygen, and carbonic oxide 
for hydrogen. The atmosphere being totally excluded, nitric oxide 
also, when opposed to oxygen, was found to produce a distinct 
effect, by assuming a higher state of oxidation (1). Even the 
vapours of some bodies caused electric currents, as, for instance, 
those given out by phosphorus at the ordinary temperature. For this 
purpose, a piece of phosphorus was introduced into one of the tubes, 
surrounded by some indifferent gas, such as nitrogen or carbonic 
acid, the opposite tube being filled with oxygen. The current was 
permanent, portions of the phosphorus being gradually oxidized. 
A piece of sulphur, treated in the same manner, produced no 
current; but, if heated to fusion, a deviation of the needle was at 
once observed. 

Grove found that when atmospheric air was introduced into one 
of the tubes in the place of oxygen, hydrogen occupying the other 
it was gradually (i. e. after several days), and entirely, deprived of its 
oxygen, whilst the nitrogen remained unchanged in quantity or 
quality. In the same manner, a similar gas, containing hydrogen. 


Gas- 

battery. 


(1) Phil. Trans. 18-15, II. Pogg. Ann. Erganz.-Bcl. 11, 408. 
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baw«y. every trace of hydrogen when opposed to oxygen(l). Gi’ovc, there¬ 
fore, recommends the employment of one pair of the gas-battery as a 
safe, though slow resort, for cudiometric purposes, particularly when 
' it is desirable to obtain very pure nitrogen, or to remove very small 
quantities of hydrogen or oxygen from a gaseous* mixture. Pog- 
gendorff proposes a simpler process for the same purpose, though 
based upon the same principles. 

Grove, as we have previously remarked, has attempted, and that 
by very sound arguments, to deduce the electromotive power of the 
gas-battery from the chcmico-electrical antagonism of hydrogen 
and oxygen. Schbnbein(2) of Basle does not, however, consider 
these arguments tenabh*, and accounts for the influence of the oxygen 
by its depolarizing power, a power analogous to that exerted by 
the nitric acid in Grovers constant battery. One would suppose 
that S chon be in had been led to this position by direct electro¬ 
motive measurements, or that he had at least offered counter argu¬ 
ments of no less weight, in order to refute a scries of logical con¬ 
clusions j but he has done neither. His main objection consists in 
his own observation, that “ an aqueous solution of oxygen being })laced 
in voltaic connection with ppre watcr,^^ (how far deprived of air is not 
stated), “ no current is produced, nor an effective voltaic pair formed, 
even though it be closed by platinum.” Schbnbein does not 
attempt to prove that platinum may not be negatively polarized by 
electrolysis; he merely adopts the view that the negative polarization 
does not depend upon the oxygen which is evolved at the platinum 
surface, but upon the ozone which is formed at the same time;— 
the all-interpreting famous ozone, Schiinbein^s hobby.—Grove 
had, however, expressly observed in his treatise, that the oxygen he 
employed was free from ozone. Nor docs Sch6irt)cin ascribe the 
efficacy of the hydrogen in the gas-battery to the direct influence 
of this gas; he supposes that, under the influence of the platinum, 
a suboxide of hydrogen is formed from the hydrogen and water, and 
that this is the real cause of the positive polarity which the platinum 
attains in the atmosphere of hydrogen. Why, indeed, are we not to 
consider a solution of hydrogen in water as a suboxide of hydrogen ? 

Schoubein^s observation, which we quoted in his own words, is, 
however, incorrect; it is refuted by numerous experiments, old as well 
as recent; by experiments which all tend to prove that the metals, 
from platinum to the easily oxidizable zinc, are polarized negatively 

(1) Pogg. Ann. Eiganz..Bd. II, 393. (2^ Ibid. LXXI, 238. 

Hj Ibid. LVIII, 361 ; LXXIV, 211. 
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by coutact with oxygen, i. e., that they are placed in a condition in 
which they appear to be shifted nearer towards the negative end of 
the series. 

We remind the reader, of the long known phenomenon, among 
others, that, of two pieces of the same metal successively dipped 
into a liquid, that which was first immersed, and from which, 
tbereforo, the atmospheric layer was first removed by the capillary 
action of the water, invariably behaves electro-positively to the 
other. 

If a strip of platinum had, only for a moment, served as the 
])Ositivc pole of the wcakfllt electric pile, even though no perceptible 
decomposition of water had taken place, it behaves as a more electro¬ 
negative metal to a second free piece of the same.—In the Edinb. 
New Phil. Journ., XXXVIIT., Adie communicates an experiment, in 
which similar plates of zinc had been coupled voltaically with 
n ater; a current was at once produced if one plate was surrounded 
with dissolved oxygen. Tlie plate placed in oxygen was invariably 
negative. 

In all these, and in many similar cases, it cannot be doubted that 
an electro-motive action is exerted by oxygen, and that it is the 
only imaginable cause of the current. This influence of free oxygen 
is not as distinctly perceptible with heterogeneous metals when 
opposed to each other in the electrolyte. This question has lately 
been investigated by W. Beetz(l). lie shows, that, if the liquid to 
be decomposed be water, the exclusion of air or oxygen on the side 
of the electro-negative metal, always causes a diminution of the initial 
force of the current, until a certain minimum is reached, and that the 
access of oxygen to the electro-negative metal at once elevates the 
force of the current, and even raises it above its original value. 
These experiments certainly prove that an essential part of the 
efficacy of free oxygen must have consisted in preserving the negative 
metallic plate in its original condition. Beetz, however, goes too 
far in his conclusions, when he absolutely excludes any simultaneous 
increase of the electro-motive power, as produced by the presence 
of oxygen. The solution of this question can only be attained by 
electro-motive measurements. 

Passivity. —^Various investigations have, of late years, been commu¬ 
nicated on the subject of the passivity of iron, by W. Beetz(2), 
W. Bollcmann, of Halle(3), and Gust. Wctzlar(4), who is well- 
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(1) Pogg. Ann. LXXIV, 381. 

(2) Ibid. li.KVII, 18S. 


(3) Ibid. LXXIll, 406. 
(1) Ibid. LXXIIT, 417. 
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known to have been the first to describe this peculiar deportment, as 
early as 1827. All these papers essentially confirm the opinion as 
often adopted as rejected, that the passivity depends upon a thin 
film of oxide, with which the iron becomes coated under certain 
circumstances, and by which it is, on the one hand, deprived of part 
of its conducting power, and on the other withdrawn from the 
direct influence of nitric acid, and other oxidizing liquids. 

It is evident that iron, invested with a coating of oxide, must 
exhibit a bearing similar to that of passive iron. But in what 
manner can we explain the origin of this protecting coat on polished 
iron, which, connected with platinum, and^mmersed in nitric acid, 
at once appears passive, and which, so long as it forms a galvanic 
chain with platinum, develops a constant, though weak current, being 
at the same time gradually, though very slowly, dissolved in the 
acid ? Again, how is the oxide-coating compatible with the fact, 
that the passive condition obtained in nitric acid may be usually 
removed even by ablution in watei’ ? 

itc-unlou of tiic Gases In the Voltameter.— Jacobi(l} has disco¬ 
vered that a gradual re-union of the gases, evolved in the voltameter, 
takes place even when the platinum electrodes are constantly covered 
with liquid, and are not, therefore, in direct contact with the gaseous 
mixture. Even when atmospheric air is present in the voltameter, 
their volume is said to be diminished undet the influence of the 
jflatinum electrifies, though less rapidly than in the case of the 
undiluted explosive mixture. 

condn«Uon-reslstancc.— Our knowlcge of the doctrine of galvanic 
electricity has been much extended of late years by numerous, and, 
in part, very accurate measurements. The invention of constant 
batteries, the perfection of galvanic measuring instruments, the 
invention of the rheostat, which we owe to Wheatstone and Jacobi, 
have led to simplified modes of measurement, and have essentially 
contributed to the facility and certainty of the expe^dients, even 
when conducted by imperfectly practised hands. 

The rheostat, which may be varied in its adaptation, according to 
the requirements of the case, consists, as is well known, chiefly of a 
mass of wire, which is introduced in the course of a galvanic circuit, 
and which, as often as necessary, may be rapidly elongated, shortened, 
or entirely excluded, without at all interrupting the current. If this 
regulator-wire is uniform throughout, the inserted length may at any 


(l) Petersb. Acad. Bull. VII, 161; Ann. Chcin. Phys. [.I'] XXV, 215; Pogg. Ann. 
LXX.IOS; Compt. Rend. XXVII, 628; Instil. 1813, 398 ; Arcji. Ph. Nat. X, 56. 
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time be easily and accurately measured^ and we thus obtain a very 
simple means of calculating all the principal liquid and solid com- 
ponents of the circuit, as wire-lengths of the same kind, and conse¬ 
quently of reducing the entire conduction-resistance of the circuit to 
one length of regulator-wire. 

Let us suppose a conductor of unknown resistance inserted into a 
constant voltaic circuit, and then, the deflection of the galvanometer- 
needle having been observed, removed and replaced by the regulator- 
wire in such a manner that the deflection previously observed is 
exactly restored ; the wire-length necessary to effect this, may serve 
as an expression of the ^sistance of that conductor. In this way, 
the regulator-wire may be employed as a common measure for 
comparing the resistance of the most various conductors. 

This apparatus for determining the condhction-rcsistance is now 
frequently employed. 

According to thia method. Buff has measured the conduction- 
resistance of the following bodies ; 

Silver, chemically pure .I'OOO 


Copper, ,, ,, .1‘048 

Copper of commerce: 

First quality .1‘227 

Second quality.1*579 

Nickel silver.12*401 


The ]^ure silver was prepared expressly for this purpose in the 
chemical laboratory at Giessen; the pure copper was very carefully 
prepared by the aid of galvanism, though not absolutely free from 
iron. Chemical analysis proved the presence of 0*02 per. cent. The 
first quality of the copper of commerce contained 0*22 ^er cent, of 
iron; the second, in addition to a trace of iron, 0*20 per cent, of 
lead, and 0*26 of nickel. 

The transverse sections of the wires employed were all deduced 
from the weights of measured wire-lengths and their specific gra¬ 
vities. 

Horsford, of Albany, (1) has adopted a method similar to the one 
just described, for measuring the conduction-resistance of some 
liquid bodies at a temperature of 18^—20° C. He employed a square 
trough of firm and compact w’ood for the reception of the liquids to 
be examined, 0*3 metres in length, 0 075 metres' in breadth and in 
depth; internally it had a thick coating of shellac varnish, in order to 


(l) Pogg. Ann. LXX, 238; SiU. Am. J. [*2] Y, 36. 
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prevent, or at least to impede as much as possible the absorption of 
the liquid. There were two pieces of board attached to the trough, of 
which one was fixed, the other moveable. They served to hold the 
plates immersed in the liquid, and to alter their distance at will. The 
plates, which were of the same size as the section of the box, were 
affixed to strips of copper, which again were screwed to the boards, 
and were in connection with a constant galvanic battery. The 
strength of the current was measured by means of a galvanometer 
introduced in the circuit. 

The experiment w’as conducted so that two plates were placed 
exactly parallel to, and, at first, at a distant of 2'5 centimetres from, 
one another, in the trough, w'hich was partially or entirely filled with 
liquid; the circuit was then closed, and the needle directed to a 
particular degree by meShs of a rheostat. The distance intervening 
between the plates was then increased by moving one of them, and 
the length of regulator-wire required to be withdrawn from the 
circuit, in order to restore the needle to its original position, was 
noted. It is evident that the increase of the layer of liquid effected as 
great a resistance as the wire unrolled, and that independently of the 
influence of polarization. 

Horsford justified by his experiments the assumption not pre¬ 
viously proved by direct observation, that the conduction-resistance 
of liquids is independent of the current-force, and that it is directly 
proportional tolKie length, and inversely proportional to the trans¬ 
verse section of the liquid mass. 

The following arc the numbers obtained by him for the conduction- 
resistance of chemically pure solutions. 


Name and quality of liquid. 


Cou^ction-resistancc, 
that of pure silver = 1. 


in 500 C. C. of water 


Sulphuric acid, sp. gr. riO 
M5 
1-20 
1-24 
1-30 
1*40 

Sol. of chloride sod. 27*6 grms 
n n 21'3 

„ „ 10G5 

5*325 
27*7 

r 100 C. C. containing 1 
I 15*093 grm. CuO, SO, j 
The same quantity of the salt in a double volume of liquid 

SoI..,.,ph.of™c ■ 


»» ft 

Sol. of chlor. potas. 
Sol. sulphate of cop 
per 


938500 

840000 

696700 

696700 

696700 

1023400 

7157000 

9542000. 

18460000 

31110000 

7168000 

12058000 

17490000 

23515000 
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Edm. Becqucrel has investigated the conductive power of solid 
and of liquid bodies, employing for this purpose a differential galvano- 
meter(l); i. e. the current of a galvanic battery, split into two 
branches, was conducted into the latter so that they ran round 
the galvanometer-needle in opposite directions, and could conse¬ 
quently only affect it by the difference of their forces. The equilibrium 
of the two portions of the current could be restored by the resistance 
of a Wheatstone's rheostat, which was inserted into one of the 
branches; the needle could thus be retained in, or at all events be 
restored to, a quiescent position. This was done first with the instru¬ 
ment alone, and subsequAtly, after the substance to be examined m 
reference to its conducting power had been introduced into the other 
branch. The resistance of the latter was therefore directly compared 
with the resistance of a length of regulator-uflre. 

In this manner the following determinations have been performed 
for 120—13« C, 


Conducting power for equal diameters after 



Annealing. 

Ignition. 

Silver, pure, reduced from the chloride 

93-448 

100-000 

Copper precipitated elcctro-cbemically, and fused 

89-084 

91-439 

Gold, pure. 

64-385 

65-458 

Cadmium. 

24-574 

— 

Zinc. 

24-164 

— 

Tin. 

13-656 

— 

Palladium. 

13-977 ^ 

— 

Iron . . . .' . 

12-124 

— 

Lead. 

8-245 

= 

Platinum. 

8-042 

— 

Mercury. 

1-8017 

— 


The mean diameters of the wires selected were measured under 
the microscope with the aid of a micrometer. 

For the purpose of investigating the diminution of the con¬ 
ducting power at high temperatures, the wires, wound spirally, 
so that the separate turns of the coils could not, come in direct 
contact with one anotlier, were immersed in an oil-bath. E. Bec- 
qucrcl arrived at the conclusion that the diminution of the conduct¬ 
ing-power is proportional to the increase of temperature. However, 
the results of his own experiments contradict this conclusion; nor is 
it compatible with the older, though very accurate measurements 
made by Lenz with electro-magnetic currents. 


Conduc. 
tion'resist, 
ance. 


(1) Ann Ch. I’hys. [3] XVII, 242; Pogg. Ann. liXX, 243 (in ahstr.). 
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Some experiments have been conducted by J. Muller(l), of Haile, 
after a method similar to that employed by Becquerel, on the 
dependence upon temperature of the conduction-resistance of metals; 
he employed a very correct diifcrential galvanometer constructed by 
Hankel(2). His measurements, however, were confined to iron, 
zinc and mercury, between the temperatures from 18** to 158** C. 
With regard to iron wire, he has arrived at almost the same results 
as those formerly obtained by Lenz j in the other two metals he does 
not find the resistance to increase in the ratio of the temperature, 
but the deviation is very trifling. 

In order to ascertain the conducting pow# of liquids independently 
of polarization, E. Becquercl(3) inserted in each of the two branches 
of the divided current (see p. 221) a column of the same liquid, and 
re-established the equilibrium, first with this arrangement by itself, 
and subsequently, after a wire of known resistance had been intro¬ 
duced into one of the branches. The length by which the liquid 
column of the same branch required to be shortened, exhibited the 
resistance of the liquid. 

The following are his results : 


Density. Temp. 


Silver, pure, after ignition .... — 

, "I Sulphate of copper . . 1'1707 

I Chlor. of sodium at 9‘5" C. — 
■with* f Nitrate of copper . . . I’GOOS 

■ J Suljihate of zinc . . . 1*4410 
250 grm. water with 30 gnu. iodide 

of potassium . 

220 C.C. water and 20 C.C. sulphuric 

add with 1 at. water. 

Nitric add of commerce of 36** B. 

20 grm. terchlor. of antimony, 120 C.C. \ 
water, and 100 C.C. hydrochlor. acid j 


0»*00 
9 *25 
13 *40 

13 00 

14 *40 

12 *50 

19 *00 
13*10 

15 *00 


Conducting 

power. 

100000000 

5*42 
31-.52 
8*995 
5*77 


Resistance. 

1 

18150000 
' 3173000 
11120000 
173.30000 


11*20 8928000 


88*08 1128000 

93*77 1060000 

^2-01 892800 


IKFLIXENCE 07 THE DEGREE 07 SATURATION. 


Amount of salt iu 
equal volumes. 

Sulphate of copper: 

Saturated solution .... 1 

„ diluted to double vol. i 

„ „ quadruple „ J 

Chloride of sodium: 

Saturated solution.1 

„ diluted to double vol. i 

„ „ treble „ i 

„ „ quadruple „ | 


Power of 
conduction. 


5*42 

3*47 

2-08 

31*52 

23*08 

17*48 

13*58 


Resistance. 


18450000 

28820000 

48080000 

3173000 

4333000 

5721000 

7864000 


(1) Pogg. Ann. LXXIII, 434. (2) Ibid. LXIX, 250. 

(3) Ann. Chem. Phys. [3] XVII, 267 ; Pogg. Ann, LXX, 250. 
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Amount of salt in 
* equal volumes. 

Nitrate of copper (density = 1‘6008) 1 

II 11 diluted to •§■ volumes f 

II II ff 2 ff ^ 

»» II II 4 II 

II „ (density = 1*085) — 

The conductive power of liquids varies with the temperature, but in 
a proportion inverse to that in metallic wires, i. e. it increases with 
the rise of temperature. The fact has been long known, but hitherto 
measurements were wanting. E. Becquerel(l) concludes from his 
experiments on this subjfifet, which are not very numerous, that the 
increase of the conducting power proceeds proportionally to that of 
the temperature. This assumption must however be looked upon as 
a rude approximation to the truth. From a more detailed, though still 
unfinished investigation of IIankel(2), wc learn that the conduction- 
resistance of liquids is very sensibly diminished by warming, but 
that this diminution is not proportional to the change of tem¬ 
perature, but is greater for a given difference of temperature, the 
nearer this approaches to zero. The various liquids appear to corres¬ 
pond tolerably in these variations, and only to differ from one another 
in this,—that those solutions, which contain a larger quantity of salts, 
suffer greater variation in their conducting power for the same differ¬ 
ences of temperature. It is singular that the conductivity of a con¬ 
centrated solution of .sulphate of zinc, as well as of concentrated 
sulphuric acid, is increased by a moderate addition of ^atcr, bnt 
again reduced by greater dilution. 

An investigation respecting the conduction-resistance in liquids 
has also been published by Mari e-Davy (3), Professor of Physics 
at Montpellier. He conducts the electric current through a glass 
cylinder, filled with liquid, its bottom being closed by a suitable 
plate of metal. There was a second plate of the same horizontal 
section as the cylinder which could be moved up and down, and 
the distance between the two plates could be accurately measured. 
A coil of platinum was inserted in the same current, in such a manner 
that it could be easily excluded and replaced by a corresponding 
elongation of the liquid column. It is evident that in this manner 
the conduction-resistance of the liquid, quite independently of 
polarization, was reduced to that* in the platinum coil. This is 

(1) Loc. cit. 

(2) Pogg. Ann. LXIX, 258; Arch. Ph. Nat. IV, 6C. 

(3) Ann. Ch. Phys. [3] XIX, 401. 
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tionwhTt. essentially tlic same method as that employed by Horsman, and 
Btice. several years ago recommended by Wheatstone(l)r 

Marie-Davy has not arrived at any new facts. 

Dr. Smaasen, of Utrecht, has published an analytical inves¬ 
tigation of the dynamic equilibrium of electricity in a body and in 
unlimited space; from which, among other results, it would appear 
that the electrical conduction-resistance of the earth is equal to that 
of a cylinder of the same material as the earth, whose length is equal 
to a semi-radius of the electrodes (supposing them spherical), sunk 
into the earth, its transverse section being equal to a great circle of tliese 
electrodes. We must refer to the treatise itself for the details(2). 

Inflneiice of Atmospheric Electricity upon Telegrraphlc Conductors. 
—It is well known, that the wires of the electric telegraph laid down 
at Gottingen by Gauss and Weber, were several years ago fused 
by a stroke of lightning. Since that time, the effect produced by 
atmospheric electricity, and especially by electric clouds, upon copper 
wires supported in the air, has been frequently observed. At various 
places the electricity of the clouds has, during the discharge of a 
thunder-storm, been propagated through large distances by the 
wires; indeed, the telegraphic needles have repeatedly been set in 
motion. Accounts of these occurrences are to be found in the 
publications cited below(3). 

Polarization. —One of the chief difficulties with which physicists 
had to deal in galvano-electric measurements, previously to the 
invention of the constant battery, was the great variation in the 
strength the currents, which was attributed to a peculiar 
‘ condition of the surfaces of the immersed plates, caused by the 

current itself, texmeii polarization. Subsequently, several physicists 
adopted Fcchner^s assumption of a special transfllion-resistance, to 
which the current was liable while passing from solid to liquid 
conductors, and vice versd; whilst others, headed by Ohm, 
attempted to demonstrate, that the fact of galvanic polarization 
sufficed of itself for the explanation of all the phenomena connected 
with this resistance. The latter view appeared the more probable, 
the more the true nature of polarization was elucidated. It has 
•been found, that it is invariably caused by the deposition of foreign 
matter on the surface of the plates; it is evident that such a 
deposition must in every case be the immediate and necessary con- 

(1) Pogg. Ann. LXII, 530. (2) Ibid. LXXII, 435. 

(3) Compt. Rend. XXIII, 540; XXIV, 980; Phil. Mag. [3] XXX, 186; Arch. Ph. 
Nat. IV, 298; Pogg. Ann. LXXI, 358; LXXIII, 609 j I.XXVI, 135. 
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sequence of the current, and of the decomposition of the liquid, and 
that by a removal of this foreign matter the original fOTce of the 
current could always be restored. 

A platinum-plate, for instance, surrounded by sulphate of copper, 
and forming the negative member of a galvanie arrangement, begins 
to be covered with metallic copper as soon as the current passes ; 
when immersed in sulphate of zinc it becomes gradually coated with 
zinc. In reference to its electric deportment, it must, therefore, in 
the former instance, approach more and more to that of a plate of 
cojjper, in the second to that of a zinc plate, i. e. the motive power 
of the current must be diminished. 

If dilute sulphuric acid, or an alkaline solution, be decomposed in a 
galvanic circuit, the negative pole-plate becomes enveloped with hy- 
di’ogcn, as, in the previous cases, with copper or zinc; the electro¬ 
positive plate, unless dissolved in the liquid, causes the evolution of, 
and is covered with oxygen. Now oxygen fonns the electro-negative 
termination of the tension-series. Hydrogen, on the positive side, 
certainly stands superior to zmc(l). Could we assume, that these 
gaseous deposits accumulated to such density as to prevent the 
immediate contact between l4ie metallic surface and the liquid, 
w’c should no longer have two metallic plates, but, as it were, 
a plate of oxygen and one of hydrogen opposed to one another in 
this medium. It is evident that this would give rise to an electro¬ 
motive power in a direction contrary to the original one, and of much 
greater intensity than that of the copper-zinc, or even of the carbon- 
zinc pile. The elcctro-cxcitant power of hydrogen .with oxygen there¬ 
fore indicates the limits of the intensity attainable by polarization, 
—a limit, however, which is probably never reached even under the 
most favourable circumstances. 

In the ordinary (inconstant) zinc-copper or zinc-platinum battery, 
which is closed by dilute sulphuric acid, only the clcctro-negative 
metal is polarized, and that by hydrogen. The hydrogen is positive 
as regards the zinc; therefore, a hydrogen-coating of sufficient 
density must cause the current to be reversed. A polarization of 
such intensity cannot however occur under ordinary circumstances, 
because the secondary electro-motive power cannot possibly become 
greater than the primary one by which it is called into existence. In 
a pile formed with zinc and any more electro-negative metal, the 
current will therefore always pass from the zinc through the liquid 
to the other metal; but it is evident, that, as long as the current and 
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(1) Ann. Ch. Pharai. XLI, 136. 
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the decomposition continue, the polarization must increase until, the 
force of the current constantly diminishing, the residual decompo¬ 
sition establishes an equilibrium with that quantity of gas which is 
continually being removed from the metallic plate, either by its 
expansive property, or by the solvent power of the liquid. 

It may consequently be anticipated that the polarization induced 
in the circuit of a battery, by hydrogen, or by hydrogen and oxygen, 
must increase in the ratio of the electro-motive power of the series ; 
but only until the above-mentioned limit has been actually or nearly 
attained. 

Wheatstone was the first, if not to recognise the resistance of 
])olarization as an clcctro-motive counter-force, at least to introduce 
it into Ohm^s formula, which thus assumed the following forra(l),— 

^ nR+r 

The magnitude and influence of this counter-force, in various relations, 
has been more closely defined by various physicists(2). All the inves¬ 
tigations that have been published agree in stating that the polari¬ 
zation of the platinum plates, resultii^ from hydrogen and oxygen, 
assumes, whenever an active decomposition of water has commenced, 
a value which is almost invariable, or, more correctly, whicli 
increases almost imperceptibly with the strength of the current. 
The distance between the plates, their size, and the depth of 
immersion have no influence, provided there be an active develop¬ 
ment of gas at all points. In weaker currents, however, which arc 
accompanied by an imperceptible, or but very trifling decomposition 
of water, the polarization inci'eases with the force of the current. 

The numerical value of polarization at its ifltetiraum (for pla¬ 
tinum plates in dilute sulphuric acid), exceeds by I 4 times the 
force of a constant carbon-zinc or platinum-zinc clement, and, 
therefore, almost attains three times the force of a constant copper- 
zinc pair. Accordingly, it- is perfectly intelligible that, in order to 
obtain an effective decomposition of water in a decomposing cell 
with platinum plates, not less than two carbon-zinc elements, and 
not less than three copper-zinc elements can be employed. If, 

(1) PhU. Trans. 1843; Pogg. Ann. LXII, 533. 

(2) Daniel! in Phil. Txans. 1842, and Pogg. Ann. LX, 387; Lcnr. in Pogg. Ann. 
LIX, 226, 407; Lena and Sa^eljew in Ann. Ch. Phys. [3] XX, 184 ; Poggendorff 
in Pogg. Ann. LXI, 606; LXVII, 528; (also Ann. Ch. Phys. [3] XX, 217); Pogg. Ann. 
LXX, 178; Svanberg in Pogg. Ann. LXXIII, 298 ; Buff in Ann. Ch. Pharm. XLV, 
137; Pogg. Ann. LXXIII, 497. 
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however, the decomposing cell consists of two parts, separated by a 
porous partition, the one being fdled with solution of caustic potassa, 
the other with dilute sulphuric acid, and if this voltamctric apparatus 
be so connected with the galvanic arrangement, that the oxygen 
must be developed at the platinum plate which dips into the potassa, 
the hydrogen at the platinum plate in the acid, Poggendorff states 
that a powerful decomposition is effected by me of Grovers, or even 
one of DanielPs pairs(l). 

Poggendorff has made the remarkable observation that platinized 
platinum plates are subject to a much lower degree of polarization 
in a decomposing cell filled with dilute sulphuric acid, than platinum 
})lates in the ordinary polished condition. Accurate measurement 
yielded the following re8ults(2):— 

1st. The maximum polarization with platinized plates is about 
one quarter of its value less than with polished plates, and conse¬ 
quently hut slightly exceeds the power of a single Grove's cell. 

2nd. The polarization of platinized plates varies less with the 
variations of the force of the current than it docs in polished 
plates. 

3rd. In the former it attains its maxiin’Jin more rapidly than is 
commonly the case in the latter, unless they possess a high degree of 
polish. 

Poggendorff's attention was diawn to this deportment of 
platinized plates by the fact, that when connected as electrodes with 
a single Grove’s pair, they yielded a considerably greater quantity 
of gas than did polished plates. De la Hive had noticed the same 
phenomenon as early as 1843. 

Nor is polarization equally intense, under an equal strength of 
current, with different liquids, which yield oxygen and hydrogen 
by electrolysis. Thus solutions of pure potassa, or of sulphate of 
soda, effect a resistance which is to that of dilute sulphuric acid, as 
120 : 100. The degree of concentration is of no consequence. 

The polarization decreases as the temperature of the decomposing 
liquid rises, as Poggendorff first noticed, and as Dr. E. Becker, of 
Giessen, has proved, in a yet unpublished investigation, by accurate 
measurements. 

It has been found that the polarization is liable to more or less 


(1) Bcrl. Acad. Ber. 1847, 440; also Pogg. Ann. LXXI, 132, in Arch. Ph. Nat. V, 
278 (in abstr.). 

\-2) Pogg. Ann. LXX, 18G; extr. in Arch. Ph. Nat. V, 163. 

(3) Archives d'filectricitp, HI, 159. 
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perceptible variations, according to the nature of the immersed 
metal. Taking platinum always as the positive decomposing plate, 
the negative one being alternately silver, eopper, or some other 
metal which lies nearer to the negative end of the tension-series, so 
long as the process of decomposition proceeds actively, no con¬ 
siderable difference in the intensity of the counter-force is perceived 
[Svanberg(l)], although a distinct increase from the platinum to 
the silver, to the copper, &c. is visible. The difference becomes, 
however, very perceptible when electro-positive metals arc employed. 
If, for instance, the hydrogen was developed on an amalgamated strip 
of zinc instead of on platinum, the counter-force (w'hich, in this case, 
is compounded of the electro-motive relation of the hydrogen to the 
zinc, and of the zinc to the platinum), attained a value w'hich was 
greater by almost one half(2). 

This difference would not exist, and the chemical character of the 
metal immersed would be quite immaterial, if the strip which is im¬ 
mersed could be entirely isolated from the liquid by the hydrogen 
which surrounds it. Now, as this is not the case, it follows necessarily, 
as demonstrated by experiment, that polarization generally attains a 
higher value in liquids which are more or less mixed with metallic 
solutions, than in chemically pure dilute sulphuric acid. 

A. Saweljew(3) has observed that platinum plates w'hich had 
served as poles of an electric pile, and had thus been polarized, even 
after they had apparently become quite homogeneous again, still 
preserve an heterogeneous relation to magneto-electric currents; i. e. 
that they impair or enhance the development of these currents ac¬ 
cording to their direction. 

The recent labours of German and English physicists on the 
nature, influence, and extent of polarization, appe^ to have been as 
yet little noticed in France. Marie-Davy, in two very discursive 
treatises ,—Rechercfies expSrimentales sur ViUctHdti voltaique^^i — 
speaks of transition-resistance and polarization as of two essentially 
different things, and gives numerical values for both. In the course 
of his investigations, he arrives at the result that Ohm’s law is 
incorrect, and he tries to rectify its incorrectness. Marie-Davy 
does not appear to have thought it possible that the error might be 


(1) Fogg. Ann. LXXIII, 305; Arch. Ph. Nat. IV, 296. 

(2) Fogg. Ann. LXXIII, 504. 

(3) Ibid. LXXIII, 516. 

(1) Ann. Ch. Phys. [3] XIX, 401, 422; XXII, 257 ; Arch. Phys. Nat. VII, 303 
(in abstr.). 
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owing to liis own mode of viewing the question, and to the inaccuracy 
of hia experiments, for the correctness of which the reader has no 
control whatever. 

The younger Becqucrel(l) has also worked, and it would ap])ear 
to more purpose, at the same subject. There is, however, nothing 
really new in this part of his treatise. 

Kicctro-mutivc Power. —A. F. Svanberg(2) has investigated the 
influence which the quality, and more particularly the degree of con¬ 
centration, of the solutions, into which the plates are dipped, exerts 
upon the electro-motive power of BanielFs battery. The state of 
concentration appeared to have no influence in the case of a solution 
of sulphate of copper. This, however, is probably only true for the 
development of weak cun’ents, as the copper plate is partially polarized 
by hydrogen under powerful currents in a dilute solution of copper. 
If the unuinalgamated zinc plate was first placed in a concentrated, 
and then successively in more and more dilute solutions of sulphate of 
zinc, the power gradually rose in the proportion of 15-6 to 16*15. 
Dilute sulphuric acid employed in the place of sulphate of zinc, caused 
a reduction of the force to 14*14. If concentrated sulphate of soda 
solution was employed, the force was gradually elevated to 1G*57, and 
was but slightly diminished when this liquid was diluted. The 
strength of the current from which the electro-motive power was 
derived remained the same in all the experiments. 

It is remarkable, that the above-mentioned irregularities disappear 
entirely, or almost entirely, when the zinc is employed in the amal¬ 
gamated condition. Svanberg attributes this to a polarization of 
the amalgamated zinc plate, effected by hydrogen, under the influence 
of the mercury. But if the hydrogen exerted any influence, this 
would be more perceptible in the non-amalgamatcd plates; the 
latter, however, present exactly the converse deportment, being 
electro-negative to the former. This electro-negative condition is well- 
known to be most marked in corroded and impure plates of zine; 
this may account for the fact, that non-amalgamated plates presented 
a lower clectro-raotivc power in dilute sulphuric acid, in which they 
were at once violently attacked, than in a solution of sulphate of 
zinc,—with more probability than can any difference in the effect 
of contact of various liquids upon the zinc. For various series of 
observations, communicated by Buff(3), prove, that, as often, at least, 


(1) Ann. Ch. Phys. [3] XX, 62 ; Compl. Rend. XXIV, 376 (in abstr.) ; Arch. Phys. 
Nat. IV, 300. 

(2) Pogg. Ann. LXXill, 291. 


(:i) Ibid. 507. 
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118 powerful currents are set in motion, the liquid conductors within 
the circuit, whilst they are decomposed by the current, arc unable 
to contribute anything, cither negatively or positively, to the value of 
the electro-motive power, by their contact-effect upon the surface of 
the immersed solid conductors. 

If a vessel be divided into two cells by a porous partition, and the 
one filled with sulphuric acid, the other with sulphate of copj)er, and 
two connected strips of copper dipped into them, it is known that a 
weak though permanent current will be produced. If we now conduct 
through such a pair, or even through a series of such pairs, the 
much stronger current of a single Bunsen^s cell, whose electro¬ 
motive power had been ])reviously determined, wc do not discover 
in this compound battery the slightest addition to the motive 
power. Owing to the increased oxidation, and consequent im¬ 
purity of the copper immersed in the sulphuric acid, even a 
slight diminution was noticed; this, however, did not amount 
to one per cent of the electro-motive power of the carbon-zinc 
pair, when three such pairs of copper strips were placed in 
series. 

Amalgamated zinc plates presented a similar behaviour, when 
immersed in sulphate of zinc solution, and in sulpuric acid. In con¬ 
sequence of the oxidation of one zinc plate whilst the surface of the 
other still remained uncori’oded, a slight increase in the electro-motive 
power was observed. Sulphuric acid, and solutions of sulphate of 
copper and of sulphate of zinc, arc the liquids that are present in 
BanielPs battery. In the above facts, then, wc haVe a proof that 
the power of this battery depends essentially upon the electric dif¬ 
ference between the metallic copper and zinc alone, and is not 
augmented by any electromotive effect of the liquids upon the 
metallic surfaces. 

If the power of the constant carbon-zinc battery, when common nitric 
acid is employed, be termed 7*16, that of DanielPs arrangement is 
4'207. If the sulphate of copper solution was replaced by funnng 
nitric acid, which is known not to affect copper, 4*324 was obtained. 
The presence, therefore, of nitric acid, when strong currents arc 
passing, though it excites copper clectro-positively with so much 
power, has but a very slight influence in increasing the electro¬ 
motive power; and even this would appear to be unconnected with 
the electro-motive power of nitric acid; for other variations also in 
the fundamental expcrinic‘nt(l) indicated the force 4*3 and con- 


()) I'ogg. Ann. LXX, C2. 
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firmed the fact, that sulphuric acid, and solution of sulphate of zinc, 
in which a copper-zinc pair arc immersed, do not contribute per¬ 
ceptibly to its electro-motive power. 

The power of copper (in dilute sulphuric acid), in relation to 
platinum (in fuming nitric acid), was found = 3*995. The power 
of copper to zinc, 4*3, added to this, yields 7*395. The power 
of zinc to platinum, in fuming nitric acid, measured directly, 
was = 7*375. The power of zinc to carbon, in fuming nitric 
acid, = 7*856. 

The polarization of zinc by hydrogen was found nearly = 0*9. 
Consequently the electro-motive power of a strip of zinc, closely sur¬ 
rounded by hydrogen, to platinum is 7*375 + 0*9 = 8*275. If 
oxygen was developed at the platinum pole, and hydrogen at the 
zinc pole, the number 16*90 was obtained as the relative value 
of polarization. The polarization of platinum by oxygen, therefore, 
corresponds to the number 16*90 — 8*275 = 8*635. Poggendorff 
formerly obtained very nearly the same result. 

We know from electroscopic and galvanomctric exjieriments, that 
dissimilar liquids exert an electro-motive power at their surface of 
contact. It was therefore to be assumed that metallic sulphates 
would exert a similar effect upon sulphuric and nitric acids, and 
the two acids upon each other. This influence however, if it 
exist at all, can be but very trifling, for it was impossible to 
measure it with any degree of accuracy. On the other hand, a 
comparatively strong electro-motive power is observed at the con¬ 
tact-surface of nitric acid and potassa; to determine its amount, 
a glass vessel was partially filled with fuming nitric acid; a cell 
of porous clay, containing caustic potassa, was placed in it, and 
a carbon-cylindcr introduced into both liquids. When the cir¬ 
cuit was closed, the oxygen developed at the positive pole, by the 
simultaneous influence of the carbon and potassa, was at once em¬ 
ployed in the formation of carbonate of potassa, whilst the hydrogen 
deposited at the negative pole was oxidized into water by the 
nitric acid. No resistance could therefore be produced by polariza¬ 
tion. The electro-motive power of this circuit was 3*59. 

The determination of electro-motive forces from the strength of 
the current upon the basis of Ohm^s law admits of extreme 
accuracy, though only available for constant batteries. Some time 
ago, Poggendorff suggested a very ingenious method for the purpose 
of measuring the force of inconstant, with the same correctness 
as that of constant arrangements. It- depends essentially upon 
lu'cventing the current of the inconstant chain from coming into 
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action, by employing the force of a constant .element of known 
valae(l). This proceeding, termed by Poggendorff the method 
of compensation, notwithstanding its advantages, has not so far 
as we know, been hitherto employed by other physicists; the fol¬ 
lowing details may therefore be acceptable. 

If the electro-motive powers of aconstantpaii’,e.^. one of Grovc’a(I), 
and a variable one e.g. a copper-zinc pair (II) in sulphuric acid,, 
are to be compared, the plates of the former are to be directly 
united by means of a wire a ; a second wire b, which includes a 
delicate galvanometer, is made to proceed from the platinum plate of 
pair I, to the copper plate of pair II., and lastly the two zinc plates 
are placed in metallic connection. It is evident that the cun-ent 
of the constant pair is divided at the point of union of the wires a 
and h, and tends to circulate in part directly through the wire 
a, and in part through the wire b, and through the connections of the 
element II, to the zinc plate I. In the same manner the current 
that may be developed by the inconstant pair, will be divided, 
dnd after passing through wire b, it will tend, at the point of union 
of the wires b and a, return to its source partly through a, and partly 
through the connections of element I. We will now examine each 
of these currents separately. Let O' and Q' represent their forces 
when freely developed, and K' and IC' their electromotive powers. 
Let r be the conduction-resistance of the wire a, expressed in 
coils of the regulator; / the resistance of the remaining portion of 
the constant cell, considered as directly closed by the wire a ; r* 
the reduced resistance of the inconstant cell, inclusive of that of the 
wire b. 

The reduced conduction-resistance of the two branches of the 
current O', viz. of the wire-lengths r and r" being termed B!, 
then the transverse section, referred to the length-unit selected 

(one turn of the regulator), is i = + therefore R'= 

It T r 

the entire resistance of circuit I, 




rr -p rr'" + / r" 
r 4- 


and the force of the current. 


K' (r -f 

V rr^-h r/ -H r r"‘ 


(f) ropR. Ann. LIV. 372. 
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Then, if the reduced conduction-resistanee of the two ramidcationa 


r and r' of the current 


Q" be termed B!\ we get 





7* y* • • • T 

therefore 72" =-the entire resistance of circuit II, 

T,// . „ _. rr' + rr" + r r" 

XC “T" A — , / } 

r H- r 

and the force of the current, 

(_r+j;0_ 

rr + rr" + r r ' 

Let tiic portions of the current Q' traversing the ramifications r and 
r" be termed q arid q' ‘j according to Ohm^s law then we have 

Q': q ^ and Qf • ^ hence 

^72' , „ ^,72' 

q= Of yf^ridq = Q ^7. 


But the entire current Q" tends to take its course, in oppo¬ 
sition to the branch-current q"f through tlie raniificatiou r", i. e., 
through the connections of the pair II, and through the wire b. The 
current that actually passes through the wire b is therefore. 


5"_Q" = Q'4 

* r 


n- - r^K"{r + r') 
^ rr' + rr" + r' r" ' 


If a rheostat he included in the wire a, we may, by a suitable 
elongation or reduction of this wire, make q" = Q" j therefore 
K' r^K" (r d- r) and 


K" = 


K'r 
r + / 


(a). 


In this case no current passes through the wire b, the electro¬ 
motive power K" is not developed, and the only exit for the current 
produced by the power K' is the wire «. Consequently 

Q'= 9 = rS l T* K' =:q {r + r) 

If we introduce this value of K' in the equation (a), we obtain 

K"=zqr (/ 3 ) 

If, therefore, we know the conduction-resistance r, and if a 
sine- or tangent-needle be introduced in the wire, a, for the purpose 
of measuring the ciirrcnt-forec the required force K" results 
directly from the equation {^). 
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When the experiment is made, attention should be particularly 
directed to maintaining the inde.x, of the galvanometer included in 
wire 6, permanently at zero, and this even during the repeated 
opening and closing of the circuit. If this precaution be neglected 
the value of K" will be impaired by polarization. 

Poggendorff formerly proved the practicability of the method of 
compensation by several experiments. He has recently reverted to 
the subject, and while testing it by numerous comparative experi¬ 
ments, he has developed all the requisites for a practical application 
of his method(l). He has also employed this process for the 
piu-posc of testing the correctness of the law of Volta’s tension-series. 
Por this purpose, strips or bars of three different metals were 
simultaneously immersed in a vessel filled with liquid, and alternately 
examined in pairs as to their electro-motive power. Very different 
metals were, in this manner, subjected to examination in various 
liquids, and every possible precaution required in such delicate 
investigations, observed. 

As the method of examination is based upon the non-completion 
of the current, we should have been led to expect that the electro¬ 
motive influence of one liquid would have differed for each of the 
three metals. This, however, was not the case, at least, not so as to 
interfere, with the general validity of the law, for, although the 
absolute values of the electro-motive forces varied in a marked 
manner in the different liquids, still Volta’s law was fully confirmed; 

i. e. for any three metals, a, b and c, taken at random from the series, 
the sura of the electro-motive forces of a 6 and i) c was equal to that 
of a c. For instance, taking the electro-motive power of amalgamated 
zinc to copper (both in dilute nitric acid) at 16*61, that of copper 
to platinum was found equal to 11*60, of zinc to pldftinum at 28*18. 

For the three following purely theoretical papers of G. Kirehhoff, 
as they are not suited for abstraction, we must refer the reader to 
the original sources. 

1. On the passage of an electric current through a plane, and 
especially through a circular planc(2). 

2. On the solution of those equations, to which we arc conducted 
by the examination of the linear distribution of galvanic currents(3). 

3. On the applicability of the formula; for the intensities of 


(1) Berl. Acarf. Her. 1846, July; Rogg. .\iiii. LXX, 60 (in ahslr.); Arch. I’h. Nat 
IV, 390. 

(2) Pogg. Ann. LXIV, 497. (.'») Ibid. LXXII, 197. 
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galvanic currents in a system of linear conductors to systems which 
consist, in part, of non-linear conductors(1). 

Itcvcloiiment of Heat In Current-Conductors. —It is known that 
every portion of a closed circuit of conductors, traversed by the 
electric current, developes an amount of heat proportional to the 
srpiarc of the force of the current, and to-the reduced length of 
the conductor involved. This theorem was first established by 
l\ liicss(2), for the discharges of the electricity accumulated in the 
Leyden jar. Its correctness, as applied to galvanic currents, was 
therefore probable; this was not exhibited experimentally, however, 
till some years later, viz., by Joulc(3), by measurements of tem- 
jicrature for wires and for liquids, by E. Becqucrel for liquids(4), 
and by Lenz(5) by very careful measurements for metallic wires. 

Now' as this law' has equal value for every conductor enclosed 
ill the circuit, whether solid or liquid, it is to be expected, that it 
is also correct for the sum of all conductors forming the circuit, 
/. c. for the circuit itself. By arriving at this conclusion 
Poggendorff(6), was conducted to the following corollaries: 

JiCt r represent the reduced conduction-resistance of the entire pile, 
q the current-force, then the entire amount of caloric developed in 
the unit of time is expressed by the equation, w = q^r. If this 
expression be combined with the well known formula of Ohm, 

K K- 

q == — we obtain w = q K, ov w = —. The first equation shows, 

that, for a given electro-motive power, the amount of heat is aug¬ 
mented and diminished in the ratio of the current-force, or of 
the quantity of zinc dissolved; but that for a given current-force 
the amount of heat is in the ratio of the electro-motive power; 
that for instance, more heat is developed by a Grovers pair, with 
equal current-force, in the entire extent of the closed circuit, 
than by one of DanielPs, since the reduced wire-length r, is smaller 
in the latter. 

It also results from the second equation, that, by the diminution of 
the conduction-resistance, the electro-motive power being unaltered, 
the total development of heat, as well as the force of the current 
itself, may be increased ad infinitum. 

Poggendorff has proved the correctness of these theoretical 

___ 

(1) I’ogg. Alin. LXXV, 189. 

(2) Ibid. XL, 335 ; XLIII, 47 : -KLV, 1. (0 Ann. Ch. Thys. [3] IX, 21. 

(3) I’liil. Mag. [3] XIX, 260. (5) I’ogg.-Ann. LXI, 18. 

(6) Berl. Acad. Her. 1817, 410; I'fgg- Ann. LX.MII, 337 ; Arch. Pli. Nat. VIII, 204 
(in abstr.^ ; Iiislit. 1818, 191. 
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considerations by a few well chosen experiments(l). In order to 
measure the quantity of caloric produced by the current in a metallic 
wire, Poggendorff recommends an instrument constructed as 
follows:—A spiral coil of thin platinum wire is placed in a tlier- 
mometer-shaped bulb filled with alcohol, passing through the glass 
at two opposite points ; its reduced resistance to conduction having 
been ascertained, a current is passed through it. The heat ])roduced 
passes into the liquid, and causes a corresponding elongation of 
the column of it in the thcrmomctcr-tube. Poggendorff calls this 
apparatus, which appears peculiarly adapted to the study of the calorific 
eficct of the current in metallic wires, a galvano-thcrmometer(2). 

Hankcl(3) has made some experiments in order to deduce the 
the force of electric currents from the elongation due to heat, 
which takes place in a wire traversed by the current. It is, how¬ 
ever, impossible to explain the instrument designed by him for 
this purpose without the aid of a drawing. The experiments which 
he has communicated evince its utility; and it also appears to possess 
real advantages over the ordinary galvanometers in some cases, 
and especially for the measurement of those currents, which, like 
the magneto-electric currents, vary in their direction. 

E. Bccquerel(4) has repeated the well-known experiments of 
Peltier on the production of heat or cold at the points of con¬ 
tact of two different metals, through which the current passes, 
with a view to ascertain the influence which this deportment exerts 
upon the resistance to conduction developed during the passage of 
the current from one conductor to another. He was not however 
able to discover any influence of the kind. 

Tyrtov has noticed, that if mercury be employed as the electrodes 
of Daniells^ battery, and the circuit be closed^with a metallic 
conductor, so that one of its ends is immersed in the mercury of 
the positive, and the other is merely in contact with the negative 
pole, the latter end becomes red-hot and melts. If the proceeding 
be reversed, a mere blueish spark is perceived at the end of the wire, 
whilst the mercury is more heated than before, and evaporates(5). 

The similarity of this deportment to the w'cll-known older observa¬ 
tion of Neeff(6) is at once apparent. Tyrtov did not however succeed 
in producing the same phenomenon if he employed another metal 


(1) Pogg. Ann. LXXIU, .143. (3) Ibid. LXXV, 200. 

(2) Ibid. LXXIII, 361. (4) Ann. Ch. Phys. [.1] XX, 55. 

(!>) Pogg. Ann. LXX, 8.1, from Pclcrsb. Acad. Bull. V, 91. 

i'*>) Pogg. Ann. LXVI, 414. 



ELECTRICITY. 


237 


in the place of mercury. Neeff(l) observes in reference to this point 
that " the success of the experiment depends upon the discharging- 
contact being as brief as possible^ for the negative wire also 
rapidly becomes hot, because, as a conductor, it is indifferent to 
the poles, and conducts the heat of the positive pole with which 
•it is in contact. It is also requisite that the thickness of the wire 
be in due proportion to the strength of the battery j it should not 
be too thick. The experiment is rendered most convincing, if a wire 
be connected with each of the poles, and if each of these wires 
be taken between two fingers, and one of them be struck rapidly 
and repeatedly against the other ; it is still better to notch one wire 
like a saw and to pass the other perpendicularly over it, repeating 
this movement often and rapidly.^' The first observation on the 
difference in the origin of electric heat and light is well known to have 
been made by Nccff, by means of the cuiTent-breakcr, described 
in 1839(2). This ingenious and well-known apparatus, which has 
been most usefully employed in the electric telegraph, was re¬ 
invented by M. Froment, in Paris, in 1847(3). 

The Luniiitoiis Arc. —The two terminal points of a galvanic batteiy 
of considerable elcctro-rnotive power, once brought into contact, 
so that the current may pass, may, as is well known, be more or 
less separated without interrupting the current, the maximum 
distance of separation of course varies according to the power of 
the battery, but, under the influence of very powerful piles, it may 
be even increased to several inches. In that case a luminous arc 
extends between the two poles, and a transference of incandescent 
particles from one to the other may be perceived. It is this 
transition of finely divided matter which serves as a conductor to the 
current and preserves its continuity. ‘ The length of the luminous 
arc consequently bears a close relation to the facility with which 
the material of the poles admits of division [De la Rive(4)]. 
Physicists have hitherto very generally adopted the opinion that the 
transference of material particles which attends the luminous arc, 
proceeds only from the positive to the negative pole; and the above- 
mentioned discovery of Neeff, that the positive is more strongly heated 
than the negative pole, appeared to present the key to the solution of 

this problem. • 

Recent experiments by Van Breda, of Haarlem(5), represent the 

(1) Fogg. Ann. LXIX, 142. (2) Ibid. XLVI, 104. 

(3) Coinpt. Rend. XXIV, 428; Arch. Ph. Nat. IV, 294. 

(4) Pogg. Ann. LXXVI, 275. 

(5) Compt. Rend. XXIII, 4C2; Pogg. Ann. LXX, 326; Arch. Ph. Nat. Ill, 32. 
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Tious'are!" diflferently, viz. that incandescent and fused particles are 

not only propelled from both poles towards one another, but in every 
direction. Van Breda has, in various cases, determined the amount 
by weight of the quantity of matter carried olF at both ends, but he 
does not decide whether it is in excess at the positive pole. 

According also to the observations of Maas, of Namur, the 
mechanical transference of ponderable matter is not always directed 
from the positive to the negative pole ; he considers the quality of 
the electrodes to be the efficient cause of the direction of the trans¬ 
ference. lie succeeded in preparing two charcoal cylinders in such a 
manner that the grain of the one was finer and harder than that of 
the other. If the positive pole was connected with that of finer, tlui 
negative with that of coarser grain, and both pointed near their 
ends, a movement of incandescent particles was effected from the 
negative to the positive pole, as soon as the luminous are was formed. 
The negative cylinder afterwards appeared sliglitly excavated, the 
positive one only slightly obtusc(l). It is rather surprising, that 
the author has not examined the influence of a reversion of the 
current. 

Van Breda has employed an ingenious method for producing 
the arc of light, without previously bringing the two poles into 
contact. He did this by causing the spark of a Leyden jar to be 
discharged between them ; in reference to which roggendorff 
observes, that the same artifice had been previosuly crai)loycd by 
J. Herschcl and by Sturgeon. Be la Bivc states Daniell to be 
the inventor of this proceeding. It depends upon the circumstance of 
the discharge being alvrays combined with a transference of sub¬ 
stance in extremely minute subdivision, which closes the circuit during 
the time necessary for the formation of the arc{2). 

The difference, between the results obtained by Van Breda and those 
of other observers, may be caused by his having allowed the electric 
current to continue too long, (sec above,) so that the incandescent 
state of the anode was communicated to the cathode; for dc la Hive 
has also confirmed the fact of the transference of the particles pro¬ 
ceeding mainly from the positive pole, and that, when the luminous 
arc was formed between two similar metallic wires, e. g, between 
platinum or silvcr^ircs, the positive wire was always first rendered 
incandescent (3). 

On dc la llive^s employing a platinum plate as the positive pole. 


(1) Instit. 1849, 46; Arcli. Ph. Nat. X, 227. 

(2) Pogg. Ann. LXXYI, 273. 

(3'> Phil. Trans, 1847, I Pogg. Ann. I,XXVI, 270; Arch. Ph. Nut. IV, 350. 
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and placing opposite to it a platinum point as the negative pole, and non* are! 
then producing the luminous arc, a circular blue spot was formed on 
the platinum resembling the coloured rings of Nobili. De la Rive 
considers it as the result of an oxidation of the platinum, (it is not 
stated whether his platinum was free from all foreign admixture,) 
because it was not produced in an atmosphere of ‘hydrogen. On 
reversing the experiment, the platinum plate was covered all round 
the opposed platinum point with innumerable small platinum globules, 
which, when examined by the naked eye, formed a white spot. If the 
experiment was continued for some length of time, (1 to 2 minutes,) 
the point was fused. On the other hand, if the wire formed the 
negative pole, as above, it certainly was heated, but without fusing ; 
but the plate, when not very thick, was easily perforated. 

De la llive(l) has observed a singular influence of magnetism 
upon the voltaic arc. He connected one terminal of a galvanic 
pile with a plate of platinum, or of some other difficultly fusible 
metal, which he placed upon one of the poles of a powerful electro¬ 
magnet. If now the pointed end of a rod, of the same or of another 
metal, connected with the opposite end of the pile, w’as brought 
near the plate, and a luminous arc produced, a noise, not previously 
heard, and resembling that resulting from the discharge of a Leyden 
jar, was caused as often as the magnet Avas brought into play; at 
the same time, it was necessary to advsincc the point of the wire near 
to the plate, in order to keep up the luminous arc. ^ 

J)c la Rive explains this phenomenon by the resistance Avhich 
matter, not sufficiently heated, opposes to the separation of its 
particles,—a resistance here produced by a peculiar change which 
results from the influence* of a magnet upon the molecular consti¬ 
tution of the substance of the poles. 

De la Rive justifies the assumption of such a change by adverting 
to the fact, that thick rods, not only of iron, but of any other metal, 
even thick columns of mercury, when placed upon the pole of a 
powerful magnet, begin to give sound, if a powerful, but intciTupted 
electric current is passed through them. 

isicctro.tiiermai Dccompositton. —Some time ago, Grovc(2) re¬ 
commended the employment of a platinum wire, rendered incan¬ 
descent by an electric current, and inserted into the upper part 
of the eudiometer, for cudiometric purposes,—as peculiarly adapted 
to combine the gases rapidly or slowly, according as currents 
whose strength is varied by the introduction of resistances, are 


(1) Arch. Ph. Nat. IV, 3fir>. 


(2) Phil Mag. 1841. 
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applied ; for by merely conducting the operation properly, a practised 
hand is able to combine the gases by explosion, or gradually, by 
a mere alteration in the intervals of contact. 

A series of such experiments lately made by Grove with this 
eudiometer, conducted him to the important discovery that water is 
resolved into its gaseous constituents by red-hot platinum, whether 
heated by electricity or by other means (1). 

Native osmium-iridium and palladium operated in a manner similar 
to that of platinum. Silica and other oxides experimented upon by 
Grove only yielded doubtful results. Grove is of opinion that the 
non-polar decomposition of water, first observed by Wollaston, which 
is produced during the dischai’gc of an electric battery by platinum- 
points in water, depends upon the same cause, viz. that it is not the 
efiect of electricity but of temperature. 

As early as 1802,* Sir Humphry Davy observed that whenever 
the electrodes of a powerful pile were brought into contact under 
water, concentrated sulphuric acid, nitric acid, alcohol, ether, ethereal 
or fatty oils, the moment of contact was marked by a development of 
vivid light and of gas. Poggendorff found on repeating these 
cxperiments(2) that the phenomenon disappeared on a closer union 
of the wires being effected, and did not occur if they were at any 
sensible distance from one another, but that there was an inter¬ 
vening point where the development of light and gas was at its 
maximum, without the slightest interruption of the continuity of the 
currcnt(3). Poggendorff concluded that the phenomenon was an 
effect of the heat produced by the current, and consequently identical 
with that observed by Grove. The above-mentioned liquids were 
easily decomposed, on passing through tthem a platinum wire of 
suflScient tenuity to be rendered incandescent und^ the infiuence of 
the current. 

New Theory of Electricity.— Hare, of Philadelphia, attempts to 
do away wdth the electrical theories of Franklin, of Dufay, and of 
Ampere by objections which he considers of great importance, and 
endeavours to supersede them by another, aceording to which elec¬ 
trical phenomena are deducible from a iM;atical or undulatory polari¬ 
zation dependent upon the antagonist polarity of the w'avcs(4). 


(1) Phil. Trans. 1847, 1 ; Phil. Mag. [3] XXXI, 20, 91; Pogg. Ann. LXXI, 194, 
221 . 

(2) Pogg. Ann. LXXI, 226; Arch. Phys. Nat. V, 352 (in abstr.). 

(3) Pogg.Ann. LXXI, 229. 

(4) Phil. Mag. [3] XXXII, 461 j Sill. Am. J. [2] V, 230, 343; VI, 45. 
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Electro-dynamlcM. Electro-aynamometer.’^The law of the reci¬ 
procal action of electric currents, the fundamental law of electro¬ 
dynamics, given by A.mpere, has not hitherto been based in all 
points upon accurate, and therefore indubitable, experimental proofs. 
This chasm in experimental electro-dynamics has been filled by 
W. Weber, who has proved the correctness of Ampere's law, in 
its entire extent, by accurate mca8urcments(l). For this purpose 
he employed a peculiar insti’umcnt of his own, termed electro¬ 
dynamometer, and constructed in the following manner:—The two 
galvanic conductors, whose reciprocal action is to be observed, consist 
of two thin copper wires wound with silk, which are coiled up like 
multipliers on the exterior of two cylindrical frames. One of these 
rings encloses a space of sufficient size to receive the other without 
interfering with their free mobility. 

If a galvanic current be conducted through the wires of both rings, 
one exerts a rotatory influence upon the other, which is greatest when 
their centres coincide, and when the two planes parallel with the 
coils of the rings form a right angle with one another. The common 
diameter of the two rings is the axis of rotation. 

That ring which is to revolve, is suspended by two long and thin 
connecting-wires, which pass perpendicularly to the ceiling, where 
they are attached to two insulated brass hooks. Two conducting- 
wires, in connection with the poles of an elearometer, are affixed 
to the same hooks. Thus the electric current reaches the ring, 
which moves without the slightest friction, or any other impediment 
to its rotation, beyond the moment of torsion, due to its bifilor 
suspension, which is proportional to the sine of the tingle of rotation. 
The same or another electric current may be conducted through 
the immoveable ring. The deflections of the moveable ring, which 
are thus produced, are measured from a distance in the same 
manner as those occurring in the bifilor magnetometer. For this 
purpose a mirror is attached to the moveable coil. To prevent the 
mere influence of terrestrial magnetism from causing a rotation, the 
cylinder-axis must be made while at rest to coincide with the 
niEgnetic meridian. 

We are obliged to refer the reader to the treatise for a more 
accurate description of the electro-dynamometer. 

By conducting the same current through both rings of this 
apparatus, and also round a galvanometer-needle, and by calculating 


(1) Paper read at the foundation of the Royal Saxon Society of Science, published by 
the Prince Jablonowdti’s Society, 1846, 209; Pogg. Ann, LXXIII, 195 (in abstr.). 
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the deflecting forces from the observed deflections, W. Weber suc¬ 
ceeded in exhibiting experimentally the following laws, which hitherto 
had scarcely been more than hypothetical. 

The electro-dynamic force of the reciprocal action of two conduct- 
ing-wireSf throvgh which currents of the same intensity are conductedj 
is proportional to the square of this intensity. 

The same laws hold good for electro-dynamic influences at a 
distance, as for those produced by magnetism. 

The electro-dynamometer consequently possesses the property, that, 
when an electric current passes through both coils, the resulting 
deflecting force is proportional to the square of the intensity of the 
current, whereas, in the galvanometer the deflecting force is merely 
in simple proportion to the force of the current. W. Weber has made 
an ingenious application of this difference in the two instruments, 
in order to measure the force and duration of such electric cui-rcnts, 
as, like the discharge of a Leyden battery, only last a very short time. 

If a current of very short duration be passed round a magnet- 
needle, the action is proportional to the entire quantity of the 
electricity set in motion, or to the force of the current, multiplied 
by the duration. For the velocity of motion acquired by the needle 
is dependent both upon the accelerating force, and upon the time of 
the action. The fomcr is in the ratio of the current-force, i. e. of 
the quantity of electricity, which simultaneously passes through 
each transverse section. Therefore, if the current-force increases, 
and the duration is proportionally diminished, i. e. if the quantity 
of electricity remains the same, we must always obtain the same 
deflection. We arc consequently enabled directly to deduce only the 
quantity of electricity in this instance from the deflection observed. 
In order to determine the intensity, it is necesaary to be acquainted 
with the duration of the current. 

If the same current passes through both coils of the dynamometer, 
the corresponding deflecting force is in the ratio compounded of 
those of the duration and of the square of the intensity; therefore, for 
equal amounts of electricity, it is greater, the shorter the duration of 
the current. The simultaneous observation, then, of the deflection 
observed in the two instruments, leads to two equations indepen¬ 
dent of each another, the one containing the product of the duration 
into the intensity, the other the product of the duration into the 
square of the intensity, from which accordingly both values may be 
deduced. 

Weber has attempted thus to measure the time of discharge of 
an electric battery, the discharge being effected by means of a 
moistened hempen cord of T""” in thickness. His experiments, 
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which, however, he only considers as preliminary, led to the conclu¬ 
sion, that the duration of the discharge was nearly proportional to the 
length of the moist cord, and amounted to 0*0816 seconds for 3 metres 
(1. c. pag. 226). This result is in no way opposed to the velocity 
of electricity ascertained by Wheatstone for the discharge through 
copper wire; if we consider that copper conducts many million times 
better than water. 

This combination of the dynamometer with the galvanometer is 
also of importance in reference to the physiological investigation of the 
excitement of nerves by galvanic currents. For it appears that con¬ 
tinuous currents rapidly lose their effect, especially in the nerves of 
sensation, and that consequently in such experiments, repeated 
momentary currents should be employed. The impressions produced 
upon the senses depend less upon the duration than upon the in¬ 
tensity of the cuiTent, and it is necessary to be acquainted with both. 

The electric dynamometer has this decided advantage over the 
galvanometer, that it may be employed for the determination of the 
intensity of a series of contrary currents, f. i. of induction-currents, 
with the same accuracy as for the determination of a current with the 
same permanent direction. For, if a current passes at the same 
time through the fixed and through the moveable coil, a reversion 
of its direction takes place at the same time in both. The deflections 
of the bifilor coil are therefore entirely independent of the direction 
of the traversing currents. By this means W. Weber has succeeded 
in observing induction-currents, which were produced in a coil of 
wire, by the vibratory motion of a magnetic bar of steel, struck so 
as to give rise to a sound. 

csencrai Law of Induction. —The electro-dynamic phenomena can 
neither be deduced from the law of Ampere, nor from the funda¬ 
mental laws of electrostatics; the doctrine of electricity therefore 
presents three chief classes of phenomena, the intimate connection 
of which had not hitherto been demonstrated. This demonstration 
has now been given by Weber. 

According to the view now universally adopted there are, in each 
elementary portion of a current, equal quantities of positive and 
of negative electricity, which move in contrary directions, and 
thus give rise to that disturbance and restoration of the electrical 
equilibrium which we term the electric current. It follows that 
in two elements of a cun’ent, subjected to special examination, four 
reciprocal influences of the electric masses have to be taken into con¬ 
sideration, viz. two repelling influences,—between the two positive, 
and between the two negative masses in the elements of the current, 
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—and two attracting influences,—between the positive mass in the first 
and the negative mass in the second, and between the negative mass 
in the first and the positive one in the second element. 

The resultant of these actions should, according to the well known 
laws of electrorstatics, be zero, because the similar, mutually repel¬ 
ling masses are equal to the dissimilar, attracting masses, and act 
upon one another at the same distance. Weber has however 
shown, that if this resultant is to be correctly determined not 
only for the case of ‘relative rest, but also generally for every 
motion of both electrical masses towards each other, an additional 
magnitude, dependent upon their mutual motion, must be added to 
the value which the electro-static laws assign to the force ‘ created 
by two electrical masses upon one another. In ascertaining this 
magnitude he availed himself of the following laws :— 

1st. Electrical masses moving in contrary directions act less power¬ 
fully upon one another than those moving in the same direction. 

2nd. Two electrical masses influence one another less (repelling 
or attracting according as they arc similar or dissimilar), in pro¬ 
portion to the increase of the square of their relative velocity. 

The former law results directly from the fact, that two elements of 
a current, which are in the same straight line coincident with their 
direction, repel or attract one another, according as the motion takes 
place in the same or opposite direction. The relative velocity, or the 
difference of the absolute velocities, of two masses is positive or nega¬ 
tive, according as a mutual apjiroximation or separation results. This 
difference of sign however exerts no influence upon the amount of 
the mutual influence. The amount of force, therefore, depends upon 
a power expressed by an even number, or, in the first instance, upon 
the square of the relative velocity. % 

Proceeding upon these laws, Weber arrived at a mathematical ex¬ 
pression, from which the fundamental laws of electro-statics and electro¬ 
dynamics are both deducible with the same accuracy, while there results 
from it, by necessity, a general law for the phenomena of induction. 

Torsion-Balance for the Measurement of Inductlon-Currents. 
—^A. Lallemand(l) of Nismes describes a species of torsion-balance 
which he has constructed for the purpose, not only of observing 
the effects of induced currents upon one another, but also of 
measuring the force of their mutual attractions and repulsions. He¬ 
lices of thin wire coiled spirally in one plane are attached to the 
moveable beam of the torsion-balance, and other fixed wire-coils are 
suitably arranged opposite to them. The ends of the moveable coils 


(1) Ann. Ch. Phys. [3] XXII, 19. 
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are immersed, as in Ampere's apparatus, in mercury cups, which are b^a”c’efor 
placed perpendicularly under the torsion-wire. The friction is there- **** 
fore not avoided m this instrument, so that it is not adapted to very of induced 

IT Tn 11 I'l'^ 1 currenti. 

delicate measurements. Lallemand has not obtained any new result 
by the aid of this apparatus. 

On Induction-Currents. Elie Wartmann, of Geneva, has, in 
the course of several years, published six treatises under the^ title 
“ Sur divers phemmhies dHruluction**{X)> In the first he com¬ 
municates his experience on the character o£rthe dependence of the 
induced currents upon the nature of the inducing currents. The 
experiments, however, date from the year 1842, and have been made 
with very imperfect instruments, so that they present no novelties. 

The second treatise, dated March, 1845, Sur la non-interference 
des courants dlectriques,” is intended to refute an assertion of 
Marianini, made in 1839, that several electric currents are enabled 
to pass through the same conductor without materially interfering 
with one another. Careful attention to Ohm’s laws, sufficiently 
developed for this purpose in 1845, might have served to assist in a 
more satisfactory solution of the question. 

The third, fifth, and sixth treatises are, like the former, charac¬ 
terized by negative results. 

If a flint glass prism be introduced between the poles of an 
electro-magnet, and a pencil of polarized rays be thrown upon it, the 
development of magnetism exerts no influence upon the position of 
the dark lines in the spectrum. 

Neither statical nor dynamical induction exert any influence upon 
electrolysis. 

Magnets are incapable of producing chemical effects. Induced 
currents exert no reaction upon the force (the total efiect) of con¬ 
tinuous electric currents. 

The electric current is not propagated by radiation. 

Electric and magnetic induction have, according to E. Wart- 
mann's experiments, no perceptible influence upon the elasticity of 
bodies giving sounds. 

In the fourth treatise, the author describes a rheotrope (commutator), 
which is made on the principle of Jacobi's commutator(2), but 
simpler. It is equally applicable to the conversion of continuous 
into intermittent currents, without changing their direction, as 


(1) Ann. Uh. Phys. [3] XIX, 257, 281, 385 ; XXII, 5,10 ; XXIV, 213, 360; also 
Archives d’Elcctricit^, IV, 34 ; V, 440; Arch. Phys. Nat. IV, 49 ; V, 143 ; VU, 287 ; 
VIII, 177. 

(2) M^moirc sur I’applicalion de relcclromagnetismc au mnuvcinciit dcs macluiies, 
Polsdatn, 1835 ; also Pogg. Ann. XXXVl, 366. 
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with variations in their direction; it also serves to obtain either of 
the two induction-currents separately, or to conduct both in the same 
directioi^. We are unable to describe this useful apparatus more 
minutely without the assistance of a drawing, we therefore refer the 
reader to the treatise itsclf(l). 

magneto-electrical maebine. —Many observers who have availed 
themselves of the magnetic-electro apparatus for the production of 
electric currents, have observed that the excitation of the current does 
not keep pace, as might j^avc been supposed, with the velocity of rotation. 
In numerous cases, indeed, a maximum of the current-force has been 
observed to attend a certain velocity of rotation. This deportment has 
been explained by assuming that the production and disappearance of 
the magnetism in the iron cores requires a certain time. This ex¬ 
planation has, however, been proved by Len5s(2) to be sufficient for 
those cases only, in which the induction-currents set up arc of a very 
low intensity, when, for instance, they have to pass through a great 
length of wire in addition to the coils in which they are developed.-— 
On the other hand, in the case of currents, which have only to sur¬ 
mount comparatively slight external resistances, their force increases, 
for equal velocity of rotation the more slowly, and, as this velocity 
increases, attains a maximum the sooner, the smaller the external 
resistance. 

Lenz accounts for this phenomenon by the reaction of the induced 
currents upon the iron cores, by which magnetism is reproduced in the 
latter; the maximum of this magnetism coincides with the maximum 
of the current-force; not, however, for that very reason, coinciding 
with the maximum of the primary magnetism of the iron cores 
induced by the magnet, it consequently causes a deviation of those 
points of the rotation in which the induced currcnt^force is at zero, 
or a maximum. The amount of deviation increases with the force of 
the current, and consequently with the velocity of rotation. It is 
therefore clear, why, in the commutators of the machine, which are 
empirically adjusted for the development of the greatest current-force 
(always in the same direction), the change does not take place at the 
moment when the iroh cores are opposite to the poles of the 
magnet; if the matter be only superdcially examined, this is the 
instant at which the iron cores might be supposed to have attained 
the greatest possible degree of magnetism, and at which the induction 
in the copper wires would be at zero. 


(1) Arch. Pb. Nat. V, 143; Ann. Ch. Phys. [.3] XXII, 5; Phil. Mag. [2] XXXI, 211. 

(2) Peterab. Acad. Bull. VII, 257. 
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eviieraiiticM. Catalysis.—Playfair(l) has communicated a paper 
upon the chemical processes in which the co-operation of catalytic 
forces is assumed. He is of opinion, that in many cases, the so-called 
catalytic power is identical with ordinary chemical action, and 
that the attraction of the substance, acting catalytically, is exerted in 
the same direction as that of the body undergoing decomposition, or 
entering into combination; under circumstances, however, in which 
the former alone cannot be satisfied. A body is stated to be 
endowed with catalytic power, when it acts, by adding its o\vn attrac¬ 
tion to that of another body, or by exerting an influence sufficient 
under certain conditions, to produce decomposition, but insuffi¬ 
cient to overcome various powers, such as elasticity and cohe¬ 
sion, whose action may change the anticipated result. Our space 
will not allow us to follow in detail the individual cases adduced by 
Playfair in order to elucidate his ideas. ’ The following quotation of 
his view respecting a process which he considers as catalytic, may 
serve as an illustration. Nitric acid, for instance, will not oxidixe a 
body A, whose attraction for oxygen is insufficient to decompose this 
acid; on adding, however, a substance B, which likewise possesses an 
attraction for oxygen, the sum of their united attractions is capable 
of decomposing nitric acid. The oxygen which is removed from it, 
passes, however, entirely to the body A, endowed with the stronger 
attraction j B, remaining unchanged, appears to act by catalysis, i. e, 
by contact only, though it is by its ordinary chemical attraction that 
the reaction is induced. 

Influence of hi^li Temperatures upon compound Gases.-— Grove(2) 
has examined the influence of a platinum wire, maintained in a state 

(1) Phil. Mag. [3] XXXI, 192. 

(2) Ibid. 20, 91,96; Ann. Ch. Phys. [3] XXI, 129; Ann. Ch. Phanu. LXllI, 1; 
Arch. Ph. Nat. V, 18, 112. 
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of ignition by voltaic electricity, upon surrounding gases. Binoxide 
of nitrogen, confined over water, is decomposed into nitrogen and 
nitric a^d (when confined over mercury, nitrous acid is formed), 
protoxide of nitrogen splits into oxygen and nitrogen; ammonia into 
nitrogen and hydrogen; olefiant gas, partially only, into carbon and 
hydrogen. (Jarbonic acid is not altered. 

Oecoinposition of Water by Heat. —^Water and steam are decom> 
posed into oxygen and hydrogen. This decomposition succeeds, like¬ 
wise, with platinum ignited by means other than electricity (1). 
A platinum wire, fused at the end to a ball of the size of a small pea, 
and heated in the oxyhydrogen-blowpipe-jet to near its fusing tem¬ 
perature, when suddenly plunged into water, evolves a mixture of oxy¬ 
gen and hydrogen. Steam is likewise decomposed when conducted 
through a white-hot tube of platinum, or by the influence of electric 
sparks passing from one pole to another. 

Wilson(3) has discussed the question, how far Grovers experi¬ 
ments prove the decomposition of water in the same circum¬ 
stances under which it is produced from its constituents. He ob¬ 
serves, that proto-sesquioxide of iron, as produced by combustion of 
iron in oxygen, when heated to whiteness, evolves bubbles of gas 
from water; he at first believed that, in this case, a decomposition 
of water by heat might be assumed, but by accurate experiment, he 
found the evolved gas to consist of hydrogen, while an admixture of 
metallic iron was found in the oxide. 

Comportment of Anhydrous Acids towards Ycsctal Colours.— 
The deportment of anhydrous acids towards vegetal colours, f. i., 
litmus, has been investigated by Wilson(3). The fact that anhy¬ 
drous hydrogen-acids, f. i. hydrochloric acid, redden litmus paper, 
while oxygen-acids produce no action except wh2h in the state of 
hydrates, has been adduced as an argument in support of the view, 
that the so-called hydrates of oxygen-acids should rather be regarded 
as hydrogen-acids. A series of experiments has been conducted by 
Wilson, with the purpose of testing the correctness of this view. 
Perfectly dry gaseous sulphurous acid does not, redden litmus-paper, 
even when idlowed to remain in contact for a considerable time j the 
same deportment, however, is likewise observed with dry hydro- 
sulphuric acid. Wilson remarks that, in such experiments, it is not 
only the absence of water that influences the results, but other 


(1) Atm. Ch. Phys. [3] XtX, 253; Pogg. Ann. LXX, 447. 

(2) Chem. Soc. Mem. Ill, 332; Phil. Mag. [.3] XXXI, 177- 
(5) Chem. Soc. Qu. J. I, 332. 
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circumstances also; f. i., that aqueous sulpburous acid acts in the ^menTof’ 
liquid state; anhydrous, however, usually in the form of gas. In * 

order to obtain results more comparative respecting the action of 
anhydrous liquid sulphurous acid, he placed litmus-paper in contact coioun. 
with the liquid, taking the greatest precaution to exclude every 
trace of moisture. At first, the blue colour of the paper was not 
altered; after 4 to 5 hours it wa» changed to a dark purple; in 
twenty hours it had been reddened. Wilson believes that the sul¬ 
phurous acid decomposes the organic matter of the paper, and that by 
assuming the elements of water, it thus acquires the property of red¬ 
dening litmus, while anhydrous liquid sulphurous acid has no action 
upon it. He believes that facta such as these are not likely to lead 
to conclusive views respecting the chemical constitution of acids. 

views revardinfr the Salts. —Gerhardt(l) has published investiga¬ 
tions upon the salts. He adverts to the influence exerted by the order 
in which two salts are mixed upon the product obtained, which 
may differ according as the one is added in large excess to the other, 
or vice versd. The influence of temperature and the presence of 
water is likewise considered. He defends the view that acids and 
bases must not be separated from the class of compounds called salts 
exclusively. Salts are molecular systems containing either 
hydrogen, or a metal which may be exchanged for another metal or 
hydrogen(2). The notation: neutral, basic, and acid salts, is 
arbitrary; more appropriate would be the term equisels for com¬ 
pounds corresponding to combinations of equal volumes of hydrogen 
and a non-mctallic body (hydrochloric acid for instance), or to equal, 
volumes of water, and of a so-called anhydrous acid (hydrated sulphuric 
acid for instance); sottssels and sursels would represent compounds 
containing the elements of an equisel respectively, plus or minus a 
quantity of metallic oxide. 

Oxyffen. —Keller(3) has published some experiments, showing 
that an evolution of oxygen takes place when chloride of lime is 
boiled with water. 

Some observations have been published by Kolbe(4) upon the 
oxidizing influence of oxygen when liberated in the circuit of the 
galvanic current. By the decomposition of a concentrated solution of 

(1) J.Pharra. [3] XII, 57; Ann. Ch. Pharm. LXIV,284. 

(2) Respecting this view, compare Liebig’s Memoir upon the Constitution of Organic 

Acids, Ann. Chim. Pharm. (1838) XXVI, 181. ^ 

(3) Reert. Pharm. [2] XLVII, 69. 

(4( Phil. Mag. [3] XXX, 334; Chein. Soc. Mem. Ill, 285 ; J. Pr. Chcm. XLI, 137; 
in abstract, .\nn. Ch. Pharm. LXIV, 236. 
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Oxygen, gesquichloro-carbo-hyposulphatc of potassa, crystals of perchlorate are 
separated (KO, C, CI 3 0^, + n 0:=K0, Cl 0^ + 2 SO 3 -H 2 CO .2 + 
2 Cl). In a solution of chloride of potassium, even in presence 
of sulphuric acid, chlorate, and finally perchlorate of potassa are 
formed. Cyanide of potassium is converted into cyanate of potassa. 
By employing a concentrated solution of chloride of ammonium, 
the positive pole, consisting of a plate of platinum, is covered with 
small drops of chloride of nitrogen. 

Ozone. —Some observations and experiments on ozone have been 
published by Williamsonfl). He critically examines the view adopted 
by Schbnbein, and is inclined to consider ozone as a peroxide of 
hydrogen. He explains its formation by the action of phosphorus 
upon steam and oxygen, according to Liebig’s view, respecting the 
induction of chemical combination, by the transference of chemical 
action. The combination of phosphonis with oxygen occasions a 
simultaneous formation of peroxide of hydrogen by the union of 
water and oxygen. 

Some experiments on the action of ozone, chlorine, and bro¬ 
mine upon salts of manganese, and basic lead-salts, have been com¬ 
municated by Schonbein (2). Ozone, produced cither by means 
of phosphorus, by galvanic decomposition of water, or by frictional 
electricity, decomposes solutions of the salts of protoxide of man¬ 
ganese with separation of hydrated binoxidc. Paper moistened with 
such a solution becomes brown. Under the influence of solar 
radiation, chlorine- and bromine-water act in the same manner, 
though more slowly. Chlorine- and bromine-water, or atmosphe¬ 
ric air impregnated with ozone, produce from basic acetate of lead 
brown binoxide of lead. Solutions of the salts of protoxide of manga¬ 
nese may thus be employed as sympathetic inks; writing of this kind, 
when exposed to the vapour of ozone, immediately becomes brown(3); 
the colour disappearing after some time, will re-appear when 
again exposed to ozonc(4). Solutions of protoxide of manganese 
in contact with air and'phosphorus (when at a temperature of 
15® to 20® ozone is produced) become of a columbine red. A 
similar change takes place on agitating the solution of protoxide of 
manganese, previously mixed with phosphoric, or the so-called phos- 
phatic acid, in air, containing ozone; this is, according to Schon- 


(1) Ann. Ch. Phami. LXI, 13. 

(2) Pogg. Ann. liXXII. 450. 

(.H) Ibid. 457; Phil. Mag. [3] XXXI, 170; J. Pr. Chem. XLII, 383. 
(4) Ibid. LXXV, 306. 
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bein(l), occasioned by the formation of permanganic acid. Under 
similar circumstances^ binoxide of lead, chlorine- and bromine- 
water, employed instead of ozone, give rise to a red colour. 

Schonbein has publishcd(2), moreover, some recent experiments 
upon the presence of ozone in the atmosphere. A mixture of starch- 
paste and iodide of potassium became gradually blue in the open air ; 
paper moistened with sulphate of protoxide of manganese slightly 
changed to brown, in the same manner as in air impregnated with 
ozone; this does not, however, take place in confined air. lie con¬ 
siders it very probable that the proportion of ozone in the atmosphere 
stands in intimate relation to the prevalence of catarrhal afiections. 

While no ozone is produced by phosphorus in moist oxygen, at 
the ordinary temperature and density of the air, it is formed, accord¬ 
ing to Schonbein(3), in oxygen rarified, or heated above 24®; 
generally under those conditions under which phosphorus becomes 
luminous in oxygen. 

In connection with his researches on ozone, Schonbein(4) has 
published a memoir on the various chemical conditions of oxygen. 
He endeavours to establish the view, that oxygen may exist in two 
different states, in the ordinary form, and in the state in which it is 
more inclined to enter into chemical combination; the latter form 
he distinguishes by the term oxylized oxygen. He mentions those 
compounds in which he supposes the presence of oxylized oxygen, 
and communicates some views of his own respecting the composition 
of several oxygenated bodies; he expresses some doubts regarding 
the supposition, that ozone is oxygen in a peculiarly modified state, 
and hints at some conclusions which are likely to emanate from this 
view when more completely developed. 

Some experiments have been described by Osann(5), accord¬ 
ing to which no ozone was produced by the electrolysis of pure water; 
whilst the diffusion of frictional electricity into an atmosphere 
of hydrogen gave rise to the odour of ozone. He found that 
ozone-odour was invariably produced, whether the frictional elec¬ 
tricity was discharged either from platinum, copper, brass, or iron. 
He considers that these experiments are equally unfavourable to the 
view, that ozone is on oxide of either hydrogen, or nitrogen, and 
asks, whether the electrical ozone-odour in reality belongs to the 
same substance which is obtained in chemical processes.—In a more 


(1) I’ogg. Ann. J.XXII, 4.'i9. 

(2) Ibid. 462. 

(3) IlMd. r.XXV, .307. 


(4) Pogg. Ann. LXXI, .’>17. 
(.V) Ibid. LXXI, 458. 
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recent communication(l) he acknowledges the identity of phosphorus- 
ozone, and that which is generated by electricity; he farther describes 
experiments made to ascertain what aqueous solutions yield ozone 
on electrolysis, and adds some observations on ozonized air gene¬ 
rally, (for the preparation of ozonized oxygen, he recommends the 
electrolysis of a concentrated solution of sulphate of zinc contain¬ 
ing undissolvcd crystals.) 

water.— For “decomposition of water by heat,” see Report, p. 248. 

Tilghman(2) has communicated some observations (partly 
known previously) upon the decomposing power of steam at high 
temperatures. If the vapour of water be conducted over chloride 
of calcium, chloride of barium, or chloride of strontium, at a strong 
red heat, hydrochloric acid is formed, while pure lime, strontia or 
baryta will remain behind; at a dull red beat it expels the aci^ from 
sulphate of magnesia, at a red heat from sulphate of lime, at a 
moderate white heat from sulphate of baryta, and at a strong white 
heat, though slowly, from basic phosphate of lime. Magnesia, 
lime, and particularly alumina, greatly facilitate the decomposi¬ 
tion of sulphates of potassa and soda, and of chlorides of sodium 
and potassium. Alum is decomposed completely, and at its fusing 
point, even felspar so far, that the powdered mass yields a solution 
of a strongly alkaline reaction, from which crystals of alum are 
deposited on addition of sulphuric acid.—Solly(3) has commu¬ 
nicated farther details respecting Tilghman's patent process for 
obtaining, by the action of steam on common salt mixed with lime 
or alumina, a product which, on treatment with water, yields a 
strongly alkaline ley. 

Hydrates. —Some researches on the inducnce of water upon the 
acid or basic character of chemical compounds havd^ been published 
by Fremy(4). He arrives at the following conclusions : Istly, that 
in most cases, it is not the presence of water on which the acidity of 
acids depends, since many acids may be reduced to the anhydrous 
state, without losing the faculty of combining with bases, and of 
expelling weaker acids from their combinations; 2ndly, that several 
hydrates, for instance, protoxides of tin and copper, sesquioxide of 
chromium, which comport themselves as weak acids, owe this pro- 


(1) Pogg. Ann. LXXV,^6. 

(2) From Trans. Amer. Phil. Soc. X, 2, Chem. Gaz. 1848, 180. 

(3) Pharm. J. Trans. VII, 416; Sill. Am. J. [2] VI, 260, (in detail). 

(4) J. Pharm. [3] XI, 169; (in abstract), Ann. Chi Phara.LXIV, 223; J. Pr. Chcra. 
XL, 355; Ann. Ch. Phys. [3] XXIII, 385; (in full), J. Pr. Chem. XLV, 193. 
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perty to the presence of water only: when deprived of it they are 
no longer soluble in alkalies; 3rdly, that the acid character of 
metastannic acid (anomalous binoxide of tin) is entirely due to the 
water it contains; that this, however, is not the case with stannic acid 
(normal binoxide of tin); 4thly, that the basic character also of 
metallic oxides appears to be influenced by the presence of water; 
for instance, hydrated suboxide of copper forming salts with the same 
acids which decompose anhydrous suboxide. We here quote from 
Fremy's memoir only his conclusions relating to the action of 
water, referring for the other details to the several articles on hy¬ 
drated suboxide and protoxide of copper, sesquioxide of chromium, 
stannic and antimonic acids. 

earn on. —Jacquelain(l) has performed some experiments upon 
the effects of high temperatures upon diamond and coke; diamond was 
softened and coked by the heat produced between the charcoal points 
of a Bunsen^s battery, consisting of 100 elements; thus converted, 
it exhibited a spec. grav. = 2*678, having had before the experiment 
a spec. grav. = 3*336: although friable, it yet remained sufficiently 
hard to scratch glass. A diamond, when heated in an atmosphere 
of carbonic acid by an oxy-hydrogen, or an oxy-carbonic oxide blow¬ 
pipe, gradually disappeared without being softened; a similar deport¬ 
ment was observed with hard coal, which, however, even after 
continuous ignition in chlorine, still exhibited the presence of impuri¬ 
ties, which fused into globules yielding with soda a transparent bead. 

Some experiments have been made by Sch6nbein(2) oiv the 
absorption of chlorine and vapours of bromine and iodine by vegetal 
charcoal, and on the action of the latter upon hydrated nitric and 
hyponitric acids. 

Carbonic Acid.— R. E. and W. B. Rogers(3) have observed that 
at the temperature of 180® to 230*^, diamond is completely con¬ 
verted into carbonic acid, by a mixture of bichromate of potassa and 
sulphuric acid. 

The comportment of solid carbonic acid with bases has been 
described by Channing(4); when placed in contact with hydrates 
of potassa and soda, sufficient heat is evolved to inflame gun-cotton. 
With caustic bar 3 ff;a, strontia and lime, oxides of lead, zinc and 
copper, no increase of temperature is perceptible; with their hydrates, 


(1) Compt. Rend. XXIV, 1050; Ann. Ch. Phya* XX, 459. 

(2) Fogg Ann. LXXIII, 326. 

(3) Inatit, 184fl, 379; SiU. Am. Joura. [2] VI, 110. 

(4) Sill. Am. J. [2] V, 184; Chera. Ga*. 1848, 177. 
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a slight evolution of heat takes place, which, however, in the case of 
the last three oxides is scarcely appreciable. 

The absoi*ption of carbonic acid by water at different temperatures 
has been investigated by W. B. and R. E. Rogers(l); 100 vol. of 
water absorb, according to these observers, the barometer being at 
30 English inches, the following vol. of carbonic acid: 

at 0“ 40-4 10«0 15«-6 26'>7 .32''-2 

175-7 147-9 122-2 100-5 83-8 68-6 57-5 50 3 11-4 vol. 

the latter volumes reduced to 15®*6. Water, even when boiling 
under the same atmospheric pressure, still absorbed a perceptible 
quantity of carbonic acid. 

W. B. and R. E. Rogcrs(2) have fai’ther observed that hydrated 
sulphuric acid at 16'’, absorbs 94 vol. of carbonic acid, while the 
fuming acid dissolves not less than 125 per cent. With reference 
to their observations, Noad(3) has published some experiments, by 
which it appears that the quantity of carbonic acid absorbed in 
analysis by its passage through sulphuric acid may be neglected. 
In consequence of this statement, W. B. and R. E. Rogers(4) have 
again made some experiments, to prove that hydrated sulphuric 
acid, by continuous contact with carbonic acid, (by the passage 
of a rapid current, for instance,) is capable of absorbing 7G vol. 
per cent., which are not completely expelled even at tcrnperatuiv's 
above lOO®; with regard to the absorptive power of fuming sulphui-ic 
acid, they adhere to their former statements. 

Propositions have been made by Mohr(5) for the best method 
of preparing carbonic acid solutions. Du M^nil(6), Mohr(7), and 
Grager{8) have exchanged their views respecting the utility or 
inutility of these pharmaceutical agents. 

Lassaigne(9) has found that one part by weight of the following 
carbonates is dissolved at lO” by the annexed quantities of water, 
saturated with carbonic acid : 


(1) Sill. Am. J. [2] VI, 96. 

(2) From Ed. Monthly Journal, Feb. 1848, in Chem. Gaz. 1848, 113. 

(3) Chero. Gaz. 1848, 671. 

(4) Ibid. 477. 

(5) Ann. Ch. Pharm. LXI, 81. 

(6) Arch. Pharm. [2] LI, 23; LIV; 8. 

(7) Ibid. [2] LTII, 44. 

(8) Ibid. [2] LVi 159. 

(9) J. CUim. Med. [3] IV, 312; J. Pr. Chem. XLIV, 247. 
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Carbonate of lime by ....... 1136 

„ baryta by.588 

„ strontia by.833 

„ protoxide of manganese by . . . . 2500 

„ protoxide of silver by.961 

„ protoxide of zine by . . . . . . 1428 


„ hydrated carbonate of protoxide of copper by . 3833 

„ carbonate^of protoxide of lead by . . . 7144 

At (P, one part of carbonate of lime dissolved in 1428 parts of 
carbonic acid water. With this variation of solubility, it is very 
improbable that (as Lassaigne imagines) a definite stoechiometrical 
relation exists between the quantity of carbonic acid contained in 
the neutral salts and the solvent employed. 

According to J. Davy(l), water which has been saturated, under 
pressure, with carbonic acid, dissolves an appreciable quantity of 
phosphate of lime (see phosphate of lime). Gypsum does not 
dissolve in it more readily than in pure water, while alumina remains 
perfectly intact. 

Boron. Borates.— A synopsis of the composition of the borates, 
according to the views of Laurent and Gerhardt(2), has been 
given by the former. 

Biborate of Soda. —Bolley(3) has observed that free ammonia is 
evolved on mixing solutions of borax and chloride of ammonium, 
employed in the proportion of two equivalents of the former to one 
of the latter; the solution, when slowly evaporated, deposits crystals, 
requiring five or six parts^of water for solution, and exhibiting the 
composition NaO, 4 BO 3 + 10 HO. The solution has no action 
upon either litmus or turmeric paper; on addition of dilute sul¬ 
phuric or nitric acid, a white precipitate of boracic acid is pro¬ 
duced. By an excess of chloride of ammonium, borax is com¬ 
pletely converted into 'common salt and boracic acid. Bolley is of 
opinion, that the native boracic acid may be produced by the action 
of chloride of ammonium upon minerals containing this acid. 

Phosphorus. Amorphous modifleatlou of Phosphorus.— —Schriit- 
■ter( 4 ) has found that the red colouration which phoiqjhorus 
assumes when exposed to light, docs not arise from oxida- 

(l) Editi. new Phil. Journ. XLV, 61. (2) Corapt. Rend. XXIV, 94. 

(.I) Chem. Gaz. 1849, 60; Ann. Ch. Phann. LXVIII, 122; *J. Pr. Chem. XLVI, 410. 

(4) Wien. Acad. Ber. 1,1848, 130; Ann. Ch. Ph. [3] XXIV, 406; Compt. Rend. 
XXVII, 427 (in abstract); Ann. Ch. Pharm. LXyilT, 247. 
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phorut. formation of a new, amorphous modification. 

Amor, which had been anticipated by Berzelius. The latter modification 
‘Sficatton is obtained in consider^tble quantity whenever phosphorus, in an atmos- 
phere in which it cannot oxidize, is persistently exposed (for about fifty 
hours) to a temperature approaching its boiling point, (240® to 250®). 
The fused phosphorus, colourless and transparent in the beginning of 
the experiment, becomes red and opaque; the amorphous modification 
may be separated from the ordinary one by bisulphide of carbon, in 
which the former is insoluble. Amorphous phosphorus, when dry, 
forms a lustreless, scarlet or carmine powder, the colour of which 
darkens on heating; its specific gravity at 10® is 1*964*, exceeding 
that of ordinary phosphorus. (According to Schrottcr, the specific 
gravity of ordinary phosphorus in the solid state at 10® is from 1 *826 
to 1*840, in the liquid state at 45®, 1*88). The amorphous modi¬ 
fication becomes luminous in the dark only at a temperature close to 
its point of inflammation (260®); it is either insoluble or only slightly 
soluble in the solvents of ordinary phosphorus; it combines with 
chlorine without evolution of light. The combination with bromiiui 
is attended with light. Dilute potassa-solution acts very slowly on 
amorphous phosphorus even on ebullition ; concentrated potassa dis¬ 
solves it with evolution of pure uninflammable phosphoretted hydrogen. 
When heated, it is reconverted into the ordinary phosphorus, which 
distils over. Incidentally to this investigation, Schriitter has 
carefully examined the boiling points of phosphorus under several 
pressures. He obtained the following results: 

120""" 165® 204«“"* 180" 339“« 209® 393""" 226" 

173 170 266 200 359 218 514 230 

Napoli(l) is of opinion that the yellow colouratipn and imper¬ 
fect transparency of phosphorus does not necessarily arise from any 
impurity, but may be founded on a peculiar molecular condition. He 
appears to believe that it depends on the temperature of the water in 
which phosphorus is melted, whether this substance solidifies yellow 
and translucent, or colourless. 

According to Schonbein(2), phosphorus-vapour, as such, is in¬ 
odorous, and the odour which jphosphorus possesses is a mixed one, 
arising simultaneously from ozone and phosphorous acid. 

Phosphoric Aeld.— Our knowledge of phosphoric acid has been 
considerably extended during the years 1847 and 1848. Several 
modifications of this acid, uatU then unknown, have been investigated. 


(1) €ompt. Rend. MCV, 369. % 


(27 Pogg. Ann. LXXV, 377. 
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H. Bose(l) has given a synopsis of the isomeric states of phosphoric rtc’«cid’* 
acid, and has investigated more fully the reactions of these modifi¬ 
cations, particularly of their soda-compounds, in addition to various 
facts, to be farther noticed in the following pages.^> 

Common phosphoric Add. —With" respect to common phosphoric 
acid, Bose has called attention to the fact that mliny insoluble phos¬ 
phates are soluble in ah excess of the saline solution in which 'they 
are produced by precipitation with phosphate of soda; the solution 
thus obtained possesses generally the property of yielding, when 
heated, a considerable precipitate, which disappears again on cool¬ 
ing. Bose considers this deportment as particularly characteristic 
of common phosphoric acid. In employing an excess of pyrophos¬ 
phate of soda, the precipitate first formed may likewise be dissolved, 
and a turbidity produced on application of heat. This turbidity, 
does not, however, disappear on cooling. 

Phosphate of Soda. —^According to Gcrhardt(2), the phosphate of 
soda, 3 NaO, PO 5 , still retains 1 equivalent (5‘2 per cent) of water at 
100 '^, so that when dried at this temperature, it is 3 NaO, POg-f HO; 
this w’ater is not even perfectly expelled at 200 ®, but only by 
heating to redne88(3); the ignited salt again takes up with avidity 
this 1 equivalent of water; when slightly moistened, it evolves a 
considerable amount of heat. He states that the corresponding 
baryta- and iime-compbui]|^ likewise retain water at 200 ®. 

Phosphate of liitiiia. —Bammelsberg(4) has found that common 
phosphoric acid enters into at least three combinations with lithia. 

3 LiO, PO 5 is obtained by addition of phosphate of ammonia and 
free ammonia to an acid solution of acetate of lithia, or of phosphate 
of ammonia only to a neutral solution of the latter salt, or by heating 
carbonate of lithia with water and a slight excess of phosphoric acid; 
it forms a crystalline powder, containing 1 equivalent of water of 
crystallization, which is expelled before heating to redness. This 
salt is soluble in 833 times its weight of water at 12®, and does not 
fuse on being heated. A compound 3’LiO, POg + 2 LiO, HO, POg + 

2 HO is formed on precipitating chloride of lithium with phosphate 
of ammonia. It is a crystalline powder, soluble in 200 times its 

(1) Berl. Acad. Ber, Nov. 1848, 409; Instit. 1819,135; Arch.. Ph. Nat. X, 310; 
complete in Pogg. Ann. LXXVI, 1; Phil. Mag. [3] XXXIV, 321. 

(2) J. Pham. [3]-XII, 6^ 

(3) According to Graham’s fomer experiments this, takes jdace only after repeatedly 
pulverizing and igniting it. ^ 

(4) Bcrl. Acad. Bcr. Nov. 1848, 385; Instit. 1849, '103; more in detail. Pogg. 

Ann. LXXVI, 261. 

VOL. I. • * S 



258 


INORGANIC CHEMISTRY. 


Phosphate 

of 

llthla. 


weight of water, which loses 2 equivalents of water at 100 '\ LiO, 
2 HO, POg may be produced by dissolving the first of the above- 
named salts in nitric acid, evaporating the excess of this acid, dis¬ 
solving the residue, and ciystalliziug, or by heating carbonate of 
lithia with excess of phosphoric acid, and evaporating the liquid 
separated from the precipitate formed, or by evaporation of a solution 
of neutral acetate of lithia with phosphoric acid. It forma pretty 
large, easily soluble crystals, deliquescent in air, and parting with 
no water at 100 ®, but with 1 equivalent at 200 ®, when they are con¬ 
verted into pyrophosphate. 

Phosphate of Baryta. —According to Ludwig(l) the precipitate 
obtained with common phosphate of soda and chloride of barium— 
in whatever order the solutions be mixed, and whichever be in 
excess—is 2BaO, HO, PO^; one part of this salt by weight is 
soluble in 4362 parts of water, containing 1‘2 per cent, of chloride of 
sodium, and 0'8 of chloride of barium. If this precipitate be 
dissolved in hydrochloric acid, and reprecipitated by ammonia, a por¬ 
tion of the phosphoric acid remains in solution, and the precipitate 
produced contains chlorine, which cannot be removed by washing, 
but is present in variable quantities; the product of one preparation 
was found soluble in 17912 parts by weight of pure water, and in 
3495 of water containing, chloride of barium, chloride of ammonium 
and ammonia; when dried in air it was fouffll to correspond to 15BaO, 
6 PO 5 + BaCl + 6 HO. 

Phosphate of Baffuesia and Ammonia.— Boussingault(2) recom¬ 
mended the addition of a salt of magnesia (for instance, chloride of 
magnesium) to putrefying urine, in order to collect both the phos¬ 
phoric acid in the urine and the ammonia formed, and to obtain, 
in the deposited phosphate of magnesia and ammdhia, an efficient 
manure. A similar proposal bad previously been made by B. A. 
Smith(3). 

Phosphate of Lime. —Raewsky(4) agrees with the view already 
previously proposed, that the so-called artificial bone-earth is not 8 CaO, 
3 PO 5 (which composition had been ascribed to it by Berzelius), 
but 3 CaO, PO 5 . The latter formula, however,, does not represent 
the composition of phosphate of lime contained in bones, aince a 
larger quantity of phosphoric acid has been obtained in the analysis 


(1) Arch. Pharm. [2] LVI, 265; Ann. Ch. Pharm. LXVIII, 264 (in abstract). 

(2) Ann. Ch. Phys. [3] XX, 117. 

(3) Chem. Soc. Mem. Ill, 302. 

(4' Compt. Rend. XXVI, 205; Instit. 1848, 125. 
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of certain bones. The acid phosphate of lime CaO, 2 HO, PO 5 , is 
decomposed by alcohol into free acid and a phosphate, which, 
however, is not neutral phosphate of lime, but contains 3 CaO, 
2 PO 5 , 4 HO. The precipitate formed in the decomposition of 
chloride of calcium, by phosphate of soda, is not always of the 
same composition; a solution of chloride of calcium being added to a 
solution of phosphate of soda produces 2 CaO, PO,, 4 HO, while, on 
addition of a solution of phosphate of soda to that of chloride of 
calcium, a precipitate of 2 CaO, PO 5 , 5HO is formed.—B aef(l) 
has examined the deportment of phosphate of lime with acetic 
acid, in which this compound is sometimes perfectly soluble. He 
found that by adding a solution of phosphate of soda to chloride of 
calcium solution (an excess of the former being avoided), a precipitate 
was formed, yielding, with acetic acid, a solution remaining clear 
even after the lapse of some time. The precipitate produced by an 
excess of phosphate of soda was likewise soluble in acetic acid, the 
solution, however, deposited crystals after some time. Baer prepared 
a quantity of these crystals by mixing a solution of phosphate of 
soda with acetic acid, and adding a solution of chloride of calcium. 
The crystalline precipitate, when washed, was easily soluble in nitric 
and hydrochloric acids, but difficultly so in acetic acid and water. 
When dried over sulphuric acid, it was found to have the composi¬ 
tion 2CaO, HO, PO 5 + 4 IIO. 

Liebig(2), with reference to the opinion which he formerly 
expressed, that phosphate of lime was soluble in water containing 
chloride of sodium, ammoniacal salts, or carbonic acid, and was 
thus conveyed to the plants, has now more minutely stated that 
1 litre of water, saturated with carbonic acid, dissolves 0*6626 grm. 
of bone-earth, of which 0*500 grm. is deposited on boiling.— 
Lassaigne(3) states that water containing its own volume of car¬ 
bonic acid, dissolves, by contact during twelve hours at 10 °, 0 000750 of 
artificially prepared basic phosphate of lime, 0*000166 phosphate 
of lime from fresh bones, and 0*000300 from bones that have been 
under ground about 20 years j farthcr(4), that 40 cubic centimetres 
of water, containing iV of their weight of chloride of sodium, dis¬ 
solve 0*0127 grm. of basic phosphate of lime, and that the presence 


Phosphate 

or 

lime. 


(1) Pogg. Ann. LXXV, 152; Ann. Ch. Pham. LXVIII, 255 (in abstract). 

(2) Ann. Ch. Pham. LXl^ 128. 

(3) J. Chiin. Mdd. [3] iH, 11; IV, 538. 

(4) Ibid. [3] IV, 599. . 
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of cliloride of animoniuin in tlie water, still increases the so- 
lability.—A. Crum(l) has ascertained the quantity of phosphate 
of lime (3 CaO, PO5) which is dissolved at 37®, by acids so diluted 
that they contain 1 equivalent of anhydrous acid, to 1000 equivalents 
of water. He finds 100 parts of nitric acid thus diluted, being 
left for two hours in contact with the phosphate, and frequently 
stirred, to dissolve from OTd? to 0*768 of this salt; hydrochloric 
acid^from 0*802 to 0*910; acetic acid from I'lO to 1*12; tartaric 
acid^from 1*26 to 1*33; malic acid from 0*899 to 940; lactic acid 
from 0*8.20 to 1*150; and sulphuric acid from 1*15 to 1*30; he 
endeavours to deduce stocchiometrical relations from these numbers. 

Phosphate of Protoxide of muiiisancse.— According to Hcint/(2), 
small prisms of MnO, 2110, PO 5 + 2HO separate from the syrupy 
aqueous solution of the mass obtained by heating phosphoric acid with 
binoxidc of manganese till the latter is reduced, or from the solution in 
phosphoric acid of the precipitate formed by common phosphate of soda 
in a salt of the protoxide of manganese; they part with their water 
of crystallization at 120 ®, and are easily soluble in water, but diffi¬ 
cultly so in alcohol; the latter withdraws phosphoric acid, and 
leaves a salt containing 2 atoms of base to 1 of acid. Heintz found 
the precipitate produced by common phosphate of soda in sulphate of 
manganese to be 3 MnO, PO 5 + 7 IIO; 4 HO escape at from 110 ® 
to 120 ®, the remainder being expelled only by a red heat. By the 
action of ammonia on this salt when freshly precipitated, the double 
salt 2 MnO, NH 4 O, PO 5 4 -2 110, discovered by Otto is pro¬ 
duced; Heintz obtained the same compound by dropping a slightly 
ammoniacal solution of sulphate of manganese, mixed with chloride 
of ammonium into a solution of common phosp^j^ate of soda; the 
precipitate produced, at first gelatinous, soon changed into crystalline 
scales, possessing’all the properties and the composition of Otto’s 
double salt. On boiling phosphoric acid with-an excess of the 
freshly precipitated salt 3 MnO, POg, the residue, remaining insoluble, 
assumed a crystalline texture, forming small white granular crystals 
of 2 MnO, HO, POg 4 - 6 HO, losing 5 HO at from 110® to 120®; 
they are easily soluble in strong acids, difficultly so in acetic acid and 
water, and insoluble in alcohol. The same compound is formed, 
when to a solution of sulphate of manganese, acidified with acetic 


(1) Ann. Ch. Pham. LX III, 394. 

(2) Pogg. Ann. LXXIV, 449} LXXV, 174; Ann. Ch. Pham. XLVIII, 257 (in 
abstract); Chetn. Gaz. 1848, 488. 
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acid (hydrochloric or phosphoric acid) common phosphate of soda is **bospiiatB 
gradually added, till the precipitate formed no longer disappears, 
manganese still remaining in solution; after filtration, the amorphous eaoese. 
precipitate becomes crystalline, and the filtrate likewise deposits 
crystals of the above compound. 

Herrmann(l) found the light brown-red crystals, which according 
to L. Ginclin are obtained by strongly heating binoxide of manganese 
with phosphoric acid, extracting with water, and evaporating the 
colombine-rcd solution, to be of varying composition. He found 
from 24*8 to 37'3 per cent of binoxide of manganese, and 49*4 to 
49-9 per cent of phosphoric acid ; for the peach-blossomed powder, 
which remained on extraction with water and was -insoluble in acids, 
with the exception of hydrochloric acid, he ascertained the com¬ 
position to be Miig O 3 , 3 PO 5 , 2 HO. 

Phosphate of Protoxiue of Lead. —According to Hcintz(2) the 
compound 3 (3 PbO, PO5) + Pb Cl -f- HO is obtained, if a boiling 
solution of protochloride of lead be poured into a boiling solution of 
common phosphate of soda, the latter remaining in excess, the 
mixture agitated, boiled, and the precipitate washed with hot water, 
and dried at 130”. This compound is insoluble in water, difficultly 
soluble in concentrated nitric acid, but easily so in dilute; on ignition 
it loses water, but does not change in colour. If the phosphate of 
soda be added to the solution of protoehloridc of lead, the latter 
remaining in excess, another compound 2 (3 PbO, PO5) + Pb Cl, 
not difiering in appearance from the former, is produced, which turns 
yellow on being heated, before fusion, but becomes white again on 
cooling, until, when repeatedly ignited, it is converted by the elimi¬ 
nation of a certain quantity of protoehloridc of lead, into the former 
compound, when it no longer turns yellow on being heated.— 

Heintz finds the precipitate produced by mixing aqueous solutions 
of nitrate of protoxide of lead and phosphate of soda, to be free from 
nitric acid, excepting when formed in the presence of pretty concen¬ 
trated nitric acid; this precipitate has, however, no constant, compo¬ 
sition, inasmuch as (when dried at from 110 ” to 120 ”) it was found 
to contain from 74'7 to 81*9 per cent of protoxide of lead, from 17’7 
to 22.6 of phosphoric acid, and from 0*4 to 2*7 of water; in all the 
analyses, the sum of the oxygen of the protoxide of lead and water. 


(1) Pogg. Ann. LXXIV, 303; J. Pliarin. [3] XIV, 399. 

(2) Pogg. Ann. LXXIII, 122; Ami. Cli. Pharm. LXVIII, 287 (in abstract) j J. Pr. 
Chera.XLII, 112; Berl. Acad. Bcr. 1847, 227 ; Inslit. 1818, 97; J. Pharm. [3] XIV 
153. 
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vhoiphate nearly fths of that in the phosphoric acid.—The compound 
** 0 ? lead * ^ PbO, HO, POg was produced by precipitating a boiling solution of 
nitrate of protoxide of lead with pure phosphoric acid; it is a 
beautiful, brilliant white crystalline precipitate, of the lustre of 
mother of pearl.—The compound 3 PbO, PO^ was obtained in a 
state of purity, according to the methods described by Berzelius 
and Mitschcrlich, namely, by incomplete precipitation of acetate 
of protoxide of lead with phosphate of soda, and dessication of the 
white amorphous precipitate at 130® (when its weight was scarcely 
diminished by ignition); or by digestion of 2 PbO, IIO, POg with 
ammonia.—The precipitate obtained by acid phosphate of soda from 
a hot solution of protochloridc of lead, when dried at 110®, was 
found to contain 19‘6 phosphoric acid, 1*7 chlorine, 72*4 lead, and 
(by loss) 6-4 oxygen and water; on cooling after fusion it exhibited 
neither the phenomenon of crystallization nor that of incandescence. 

According to Gerhardt(l), on the contrary, the addition of an 
allcalinc phosphate to an excess of a boiling solution of protochloride 
of lead produces a crystalline precipitate 2 PbO, HO, POg + Pb Cl, 
insoluble in water, and losing its constitutional water slowly at 100®. 
He finds, that an alkaline phosphate, added to an excess of nitrate of 
protoxide of lead, produces a crystalline precipitate 3 PbO, POg 
+ PbO, NOg + 2 HO, insoluble in cold water, but crystallizing from 
nitric acid in six*sidcd plates, derived from an oblique rhombic 
prism; this salt is decomposed by boiling water into PbO, NOg and 
3 PbO, POg, (which latter compound is likewise obtained by 
employing acetate of protoxide of lead, or by the addition of nitrate 
of protoxide of lead to an excess of an alkaline phosphate). On 
ignition to redness it yields 4 PbO, POg wiOiout change of 
form (2). 

Phosphate of silver.— Schwarzenberg(3), by dissolving yellow 
phosphate of silver in phosphoric acid, and concentrating over sul¬ 
phuric acid, obtained no crystals, even from the solution in the 
syrupy state; on the addition of ether, however, a white crystalline 
])Owder separated, which, when washed with absolute alcohol, gave 
the formula 2 AgO, HO, POg, and, as stated by Berzelius, was de¬ 
composed by water, into 3 AgO, POg and free phosphoric acid; at 100® 
no water is expelled, but at 170" the conversion into pyrophosphate 
of silver takes place. 

(1) Ann. Cli. Phys. [3] XXII, 505 ; Ann. Ch. Pharm. LXVIII, 286. 

(2) J. Pliarm. [3] XII. 58. 

'3) Ann. Ch. Pharm. LXV, 161. 
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pyroptaospbates. —Schwarzenberg(l) lias published investiga- 
tions on the pyrophosphates. Pyrophosphate of potassa, 2 KO, POg plates. 
(fused) was obtained by mixing common phosphoric acid with an 
alcoholic solution of hydrate of potassa, so that the mixture had 
a slightly acid reaction^ adding alcohol until the liquid became 
milky, concentrating and igniting the syrup which had deposited 
after standing 24 hours, and then separating the pyrophosphate of 
potassa from the insoluble metaphosphate, by treating the mass with 
water. The aqueous solution has an alkaline reaction, and may be 
boiled without being converted into common phosphate, which ensues, 
however, on addition of hydrate of potassa. The fused salt is. a 
white mass, deliquescent on exposure to the air. The syrupy 
solution solidifies over sulphuric acid to a dazzling white radiated 
mass, 2 KO, POg + 3 HO ; 1 HO is expelled at 100°, a second 
atom at 180° (without the salt being converted thereby into com¬ 
mon phosphate), and the third atom is only perfectly driven otf 
by ignition.—On dissolving this salt in acetic acid, and adding 
alcohol, the acid pyrophosphate of potassa separates as a syrup, 
solidifying gradually over sulphuric acid; it is white and deli¬ 
quescent, its formula being KO, HO, POgj its aqueous solution 
has an acid reaction, and may be boiled without conversion into com¬ 
mon phosphate.—If this salt be supersaturated with ammonia and 
evaporated over a mixture of caustic lime and chloride of ammonium, 
the white deliquescent pyrophosphate of potassa and ammonia^ 

2 KO, POg + NH 4 O, HO, PO 5 + HO is obtained, the solution 
of which, on boiling, yields the foregoing salt, with evolution of 
ammonia.—Schwarzenberg prepared the a<Ad pyrophosphate of 
soda, NaO, HO, POg, by dissolving 2 NaO, POg (fused or crys¬ 
tallized) in acetic acid, and adding alcohol, when it separated 
ill the crystalline form; it may be obtained in lai’gcr crystals by 
pouring a layer of alcohol on the aqueous solution. — After 
satiu-ation of this salt with carbonate of potassa and concentration to 
the consistency of a thin syrup, the mass, on cooling, is converted 
into a magma of fine,* white, transparent needles of pyrophosphate of 
potassa and soda, KO, NaO, POg, + 12 HO.—Pyrophosphoric acid, 
supersaturated with ammonia, became turbid on the addition of 
alcohol, and, after the lapse of 24 hours, deposited pyrophosphate 
of ammonia, 2 NH 4 O, POg, in arborescent groups of small needles. 

When heated with ammonia, this salt is converted into the common 

0) luauguval dissertation : Researches on the Pyrophosphates, G6ttiHg.;n, 1847 1 
Anil. Ch. Phanu. LXV, 133 ; J. Pr. Cheni. XLVI, 247; J. Pharm. [3] XIH, 311. 
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phosphate; when boiled with water alone^ it loses ammonia, 
becoming acid pyrophosphate, which is obtained crystalline, if the 
salt just spoken of be dissolved in acetic acid and alcohol added; 
when a thick syrup separates, which changes after a time into small 
crystalline plates of pearly lustre, consisting of NH 4 O, HO, PO 5 ; 
these are easily soluble in water, the solution has an acid reaction, 
and is not altered by boiling.—If the acid soda-salt be dissolved in 
water, the solution supersaturated with ammonia, and evaporated over 
a mixture of caustic lime and chloride of ammonium, white prisms 
of pyrophosphate of soda and ammonia^ NaO, NH 4 O, PO 5 + 6 HO 
are formed, which arc easily soluble in cold water; when boiled with 
it, they lose ammonia, being transformed into the acid pyrophos¬ 
phate of soda. 

Pyrophosphate of baryta^ 2 BaO, PO 5 4 - ItO (when dried at * 100 "), 
is obtained by precipitating chloride of barium with ])yropho 8 - 
phate of soda, or baryta-water with pyrophosphoric acid, as a 
white amorphous powder, somewhat soluble in water, soluble in 
nitric and hydrochloric acids, insoluble in acetic acid and pyro¬ 
phosphate of -^Pyrophosphate of strontia is formed by 

precipitating nitrate of strontia with pyrophosphate of soda in the 
cold. It is a white amorphous powder, which is converted into 
small crystals on being warmed in the mother-liquor; its properties 
are the same as those of the baryta-salt; when dried in the water- 
bath, it has the composition 2 SrO, POg + HO; its water begins 
to escape when it is heated above 100 ".— Pyrophosphate of time 
precipitates on addition of pyrophosphate of soda to chloride of 
calcium as a white amorphous powder, which, when dissolved in a 
solution of sulphurous acid, forms crystalline cru^, when the sul¬ 
phurous acid is driven off by heat; . the solubility of this salt 
in various liquids is the same as that of the foregoing ones, its 
composition in the amorphous, as well as the crystalline state, when 
dried at 100", being 2 (2 CaO, POg) 4 - 3 Pyrophosphate 


(1) According to Gerhardt, the compontion of the pfrophosphate of baryta (dried 
at 100« ?) is 2 BaO, PO 5 + 2 HO. (J. Pharm. [3] XII, 64). 

(2) The precipitate produced on addition of chloride of calcium to an aqueous solution 
of pyrophosphate of soda, disappears, according to Baer, on addition of acetic acid, but 
with much greater difficulty than that obtained with common phosphate of soda; after 
some time (or immediately on addition of a solution of chloride of calcium) the pyro¬ 
phosphate of lime 2 CaO, POg + 4 HO separates in crystals; the same compound is 
formed as an amorphous precipitate by pyrophosphate of soda and an excess of 
chloride of calcium. By gradually dropping a solution of the latter salt into a boiling 
solution of pyrophosphate of soda, a crystalline precipitate, CaO, NaO, POg + 4 HO, 
is 'ihliiiiicd. If, instead of chloride of calcium, solutions of chloride of barium, 
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of magne^a is precipitated from sulphate of magnesia by pyrophos- 
phate of soda, even ivithout the presence of ammoniacal salts, as an plates, 
amorphous white powder, which may be obtained crystalline in the 
same manner as the foregoing salt; it is somewhat soluble in water, 
perfectly so in nitric and hydrochloric acids, and likewise in pyrophos¬ 
phate of soda; the composition of the salt (dried at 100®) is 3 MgO, 

POg + 3 HO. Magnesia dissolves in a solution of acid pyrophos¬ 
phate ®f soda, but, on heating, the pyrophosphate of magnesia sepa¬ 
rates.— Pyrophosphate of alumina. The aqueous solution of sublimed 
sesquichloride of aluminum, when precipitated with pyrophosphate of 
soda, yields an amorphous white mass, similar to hydrate of alumina; 
when dried at 110®, it has the composition 3 Al^Og, 3POg+10HO. 

Pyrophosphate of soda produces in a cold solution of chrome-alum 
a dirty-red precipitate, in a boiling solution a light green precipitate 
of pyrophosphate of sesquioxide of chi'ommm, which darkens on 
drying at 100 ®, and has the composition 3 Crg O,, 3 POg 4 - 7 HO, 
when dessicated at 130®.—Sulphate of protoxide of manganese yields 
with pyrophosphate of soda an amorphous white powder, pyrophos¬ 
phate of protoxide of manganese^ having the composition 3 MnO, 

POg + 3 HO, when dried at 100®; and 3 MnO, POg -F HO, when 
dried at 120°.— Pyrophosphate of protoxide of zinc is obtained by 
the precipitation of sulphate of protoxide of zinc w\th pyrophosphate 
of soda as an amorphous white mass, shrinking on drying; it may 
be obtained crystalline by the same method as the lime-salt; the 
crystalline salt dried at 100 ® is 3 (2 ZnO, POg) 4- 3 IIO. This salt 
is soluble in acids and alkalies; from the ammoniacal solution alcohol 
precipitates a syrupy mass.— Pyrophosphate of protoxide of cadmium^ 
obtained by the precipitation of sulphate of protoxide of cadmium 
with pyrophosphate of soda, is a white heavy powder, separating 
from its solution in sulphurous acid in the form of small scales of 
nacreous lustre; when dried at 100 ® its composition is 3 CdO, 

POg -f 3 HO.—A salt of protoxide of iron, when mixed with pyro¬ 
phosphate of soda, yields an amorphous white precipitate, becoming 
immediately greenish, and afterwards brown on exposure to air.— 
Pyrophosphate of sesquioxide of iron was obtained by precipitating 
a solution of sublimed sesquichloride of iron with pyrophosphate of 


lutrate of atrontia, sulphate of magnesia, or nitrate of silver were employed in the 
same manner, amorphous precipitates, containing soda, were produced, which could 
not be washed with pure or anunoniacal water, and could not be reduced to any simple 
stoechiumetricul expression, so that they must be considered as mixtures. (Pogg. Ann. 
LXXV, 152; Ann. Ch. Pliarm. LXVIII, 255, in abstr.) 
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phosi soda, as a slightly yellowish-white powder, having the composition 
phtttei. 2 Feg O 3 , 3 POg + 9 HO, when dried at 110®.— Pyrophosphate of 
protoxide of lead, precipitated from acetate of protoxide of lead by 
pyrophosphate of soda, is an amorphous white powder of the com¬ 
position 2 PhO, POg -f- HO when dried at 100® (1). — Pyropho^hate 
of protoxide of coiner is produced, by precipitating a solution of 
protoxide of copper with pyrophosphate of soda, as an amorphous 
greenish-white powder, becoming dark-blue at 100®; it may be 
obtained crystalline from its solution in aqueous sulphurous acid; 
whether amorphous or crystalline, when dried at 100®, it has the 
formula 2 CuO, POg + 2 HO. If the salt be dissolved in ammonia, 
and the solution covered without admixture by a layer of alcohol, ultra¬ 
marine-coloured nodular crystals are formed of pyrophosphate of 
protoxide of copper, and protoxide of copper and ammonia, having, 
when dried over a mixture of chloride of ammonium and caustie lime, 
the composition 3 (2 CuO, POg) ■+■ 2 (CuO, 2 NII 3 ) + 8 110.— 
Sulphate of protoxide of nickel mixed with pyrophosphate of soda, 
yields pyrophosphate of protoxide of nickel, a light green powder, 
becoming yellow by ignition, and separating in the crystalline state from 
its solution in aqueous sulphurous acid, when dried at 110® it has the 
composition 2 NiO, POg -f 6 HO.— Pyrophosphate of suboxidc of 
mereary, precipitated from the nitrate by the soda-salt, is a heavy 
white crystalline powder; when freshly precipitated it is soluble in 
excess of the soda-salt, a black powder separating on ebullition; 
when dried at 100® it is not soluble in pyrophosphate of soda, but is 
blackened by it, when dried at 100® it is 2 HggO, PO 5 + HO.—Nitrate 
of protoxide of mercury, mixed with pyrophosphate of soda, yields at 
first a white precipitate, which becomes yellowish^cd on addition of 
more of the soda-salt; when dried at 100® it is anhydrous pyrophos¬ 
phate of protoxide of mercury 2 HgO, POg.—Nitrate of teroxide of 
bismuth, mixed with acetic acid, gives with the soda-salt an amor¬ 
phous white precipitate, becoming crystalline in 24* hours, in which 
two different kinds of crystals may be distinguished by the micro¬ 
scope. The acid soda-salt dissolves teroxide of bismuth in considcr- 


(1) An alkaline pyrophosphate added to an excess of nitrate of protoxide of lead 
yields, according to Gcrhardt, a flocculent precipitate, which contains no nitric acid, 
but is the pare compound 2 PbO, POg.—On addition of nitrate of protoxide of lead 
to excess of pyrophosphate of soda, the precipitate first formed is stated to dissolve 
again on application of heat, and to contain varying quantities of alkali, on its becoming 
permanent.—A definite compound NaO, PbO, POg could l»e obtained as a granular 
preripitate, insoluble in water, on boiling the solution of tbe first precipitate with an 
CSS) of pyrophosphate of soda. (Ann. Ch. Phys. [3] XXII, 506). 
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able quantities; it likewise dissolves a quantity of teroxide of 
antimony; the solution, on concentration over sulphuric acid, forms phates. 
a cauliflower-like mass, which, when treated with water, leaves the 
greater part of the teroxide of antimony undissolved.—Pyrophos¬ 
phate of protoxide of silver, dissolved in ammonia, and precipitated 
by alcohol, yields small colourless needles, which lose ammonia on 
exposure to the air. 

Pyropliosphiirlc Acid; SnbmodlflcaUons of the same. —H. Rose(l) 
considered it probable that the common phosphate of soda might lose 
1 equivalent of basic water, without being converted into the pyro¬ 
phosphate ; experiment showed that nearly the whole of the water was 
expelled from the salt at 340“, but that it was then almost com¬ 
pletely converted into pyrophosphate. H. Rose has accurately 
investigated the reactions of pyrophosphate of soda. The conversion 
of a solution of pyrophosphoric acid into common phosphoric acid 
by an excess of alkali, succeeds, according to W cber, only when the 
mass evaporated to dryness is perfectly fused; the conversion by 
acids, is the more complete, the stronger they are, and consequently 
concentrated sulphm’ic acid is best adapted for this purpose.—Rose 
states that pyrophosphoric acid does not precipitate a solution of 
white of egg. According to his observations, there exisfs a second 
niodificarion of pyrophosphoric acid, differing from that which is con¬ 
tained in pyrophosphate of soda; it is obtained by the ignition of the 
common phosphate; the salts of this modification may be formed in 
a manner similar to the preparation of the insoluble inetaphosphates 
of Maddrell, (to be presently discussed); namely, by exposing the 
salts with an excess of phosphoric acid to a temperature which is not 
sufiiciently high to produce metaphosphates. Thus he finds that an 
insoluble copper-salt may be prepared from nitrate of protoxide of 
copper and phosphoric acid, the acid of which, separated by means 
of hydrosulphuric acid in aqueous solution, comports itself like 
common pyrophosphoric acid. 

Double pyropbosphateH. —Fersoz(3) has published some researches 
on the double salts of pyrophosphoric acid(3). The precipitates 
produced by pyrophosphate of potassa or soda in solutions of other 
salts, are soluble in an excess of the preeipitant; some of them with 

(1) Loc. cit. (vide p. 257). 

(2) Ann. Ch. Phys. [3] XX, 315; Ann. Ch. Pharni. LXV, 163; J. Pr. Cheui. XLI, 

353. 

(3) The pecwliarity of pyrophosphate of soda of foriuing double sails with facility 
had previously been noticed by Stiomeyer (Schweigger’s Jahrb. LVllI, 123;. 
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p5S5ho«. difficulty, (pyrophosphates of baryta, lime, and protoxide of silver); 
pbatea. othcrs SO casily, that no precipitate is produced with alkaline pyrophos¬ 
phates in solutions of certain metallic oxides (binoxidc of tin and 
teroxide of gold, f. i.) In these double compounds, the properties 
of the constituents arc frequently found to be much altered j thus, 
f. i., the solution of pyrophosphate of sesquioxide of iron in pyrophos¬ 
phate of soda possesses neither the characteristic taste of solutions 
of sesquioxide of iron nor their colour, (being colourless); nor, 
indeed, their reactions (hydrosulphuric acid producing no precipi¬ 
tation of sulphur, but merely a brown colouration; sulphide of 
ammonium, a green colouration, and after some time, a precipitate, 
which disappears on being washed, the wash-waters assuming a 
greenish-brown colour). The double pyrophosphates may be prepared 
in the isolated state, by addition of pyrophosphate of soda .to a 
metallic solution until the precipitate formed ceases to increase, 
purification by washing, solution in pyrophosphate of soda or potassa, 
and crystallization by spontaneous evaporation; or still better, by 
adding pyrophosphate of potassa or soda to a dilute hydrochloric 
or sulphuric solution of the base which is to form the double salt, 
until the precipitate first formed has been re-dissolved, (avoiding as 
far as possible an excess of alkaline pyrophosphate, and promoting the 
re-solution by agitation); the compounds contained in the solution 
are then allowed to crystallize out successively, when the double 
pyrophosphate separates from the solution sooner or later, according 
to its solubility. Persoz gives the following account of several double 
salts thus prepared. Pyrophosphate of maynesia and soda is very 
unstable; its solution, left to itself, becomes rapidly turbid.— Pyro¬ 
phosphate of sesquioxide of uranium and soda ia^of a pure yellow 
colour, and so easily soluble, that its solution may be concentrated to 
the consistency of a thick syrup without cry^allization ; neither hydro- 
sulphuric acid nor sulphide of ammonium decomposes the solution. 
This is the case likewise with a solution of pyrophosphate of sesqui- 
oxide .of chromium and soda, which has the colour of sulphate of 
protoxide of nickel, and from which no crystals could be obtained.— 
Pyrophosphate of alumina and soda is colourless and casily soluble 
in water; the solution, when evaporated to a certain point becomes 
turbid, depositing pyrophosphate of alumina.— Pyrophosphate of 
sesquioxide of iron and soda is a colourless and easily soluble com-, 
pound; its solution may be evaporated to a syrupy consistency, 
when it undergoes a decomposition similar to that of the alumina- 
compound ; (respecting the reactions of this salt, v. supra) ; its 
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composition is 2 3 P06 + 2 ( 2 NaO, P06)+x HO(l).—Pyro- pyroJhS. 

phosphate of protoxide of iron and soda exists in solution only, and ?*»“**•« 
decomposes on exposure to the air; sulphide of ammonium produces 
immediately a perfect precipitation.— Pyrophosphate of protoxide 
of copper and soda crystallizes in two different ratios of combina* 
tion, 2 CuO, PO 5 + 2 NaO, PO 5 + 12 HO and 2 CuO, PO 5 + 

3 (2 NaO, POg) + 24 HO; both compounds arc of a sky-blue colour(2). 

Only minute quantities of crystals of pyrophosphate of protoxide of 
copper and potassa were obtained on account of its solubility.—^This 
compound also exists most likely in different ratios of combination. 

Neither zinc nor iron produce a turbidity in solutions of the double 
salts of protoxide of copper with soda and potassa; the former is 
coated with a slight film of copper, the latter, only after some days, 
with microscopic crystals of that metal.—A solution of terchloride of 
gold mixed with pyrophosphate of soda remains clear, the yellow 
colour of the terchloride of gold disappearing on application of 
heat; alcohol removes chloride of sodium from the mixture. When 
carefully protected from light and organic matter, chloride of sodium 
and pyrophosphate of soda (which had been added in excess) are 
gradually deposited, while a syrupy fluid remains, which probably 
contains the compound 2 AuOg, 3 PO 5 + 2 (2 NaO, POg) + x HO.— 

Persoz intends describing, at some future period, the properties 
of the double compounds containing the oxides of bismuth, lead, 
cadmium, mercury, tin, palladium, platinum, nickel, cobalt, beryllium. 


(1) Flcitinanil and Henneberg, who repeated some of the experiments mentioned 
by Persoz, found the composition of the pyrophosphate of sesquioxidc of iron and 
soda (prepared by boiling pyrophosphate of iron with a quantity of pyrophos¬ 
phate of soda, insufficient for complete solution, and precipitating by alcohol) to be 
2 Fcj O 3 , 3 PO 5 + 2 (2 NaO, PO 5 ) + 7 HO, when dried at 100*. (Ann. Ch. Pbarm. 
LXV, 387). 

(2) Fleitinann and Henneberg make the following statemenis: if an excess of 
freshly precipitated pyrophosphate of protoxide of copper be boiled with a solution of 
pyrophosphate of soda, the fluid, filtered while hot, deposits on cooling white crystal¬ 
line crusts, which are insoluble in water, and contain 3 (2 CuO, POg) + 2 NaO, POg 
+ 7 HO, when dried at 100®. The liquid concentrated in the water-bath yields a- 
faintly blue, crystalline deposit, insoluble in' water, which, dried at 100", is 3 (NaO, 
CuO, POg) + 2 HO. The mother-liquor of this, left exposed to the air, first deposits 
crystals of pyrophosphate of soda, and afterwards, when concentrated to syrupy 
consistency, nodular groups of a beautifully blue salt, 2 CuO, POg+3 (2 NaO, POg) 
+ 4 HO, (when dried at 100 "). All these salts fuse, when heated to redness; 
the white insoluble powder, into which a portion of the hydrated protoxide of 
copper is converted, on being digested with acid pyrophosphate of soda, appears to be 
of the same composition as the first of the above compounds. (Ann. Ch. Pharm. 
LXV, 387.) 
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pJJoJhos- yttrium. He concludes by calling attention to the necessity, that 
phates. ijjjg existence of these double compounds should he taken into con¬ 
sideration in analytical researches, and that they may also become 
of medicinal importance, the pyrophosphate of sesquioxide of iron 
and soda deserving particular attention in this respect. 

For details respecting a pyrophosphate, NaO, PbO, PO 5 , we refer 
to page 266, for CaO, NaO, POb + 4 HO, to page 264. 

Metapliospliorlc Acid, maddreirs Salts.— Grcgory(l) had 
mentioned that the phosphoric acid containing magnesia, as obtained 
from bones, might be purified by dissolving it after ignition in 
water, evaporating the solution and exposing the residue for a 
quarter of, or half an hour to a temperature of 315”, whereby an 
insoluble magnesia-salt 2 MgO, 3 PO-,, was formed; the aqueous 
solution filtered from this yielded pure phosphoric acid. With 
respect to the purity of this acid, Bcrzclius( 2 ) remarked that 
the soda contained in the phosphoric acid prepared from bones had 
not been taken into account. Maddrell(3) has now found that in 
proceeding according to Gregory's method, MgO, PO 5 first separates, 
and then the salt which Gregory had considered as 2 Mg O, 3P Og, 
but which Maddrcl found to be 3 (MgO, POg) + NaO, PO 5 j the 
phosphoric acid separated from these, still contained magnesia and 
soda. On heating an excess of it with the sulphates of tlie ])ro- 
toxides of nickel or cobalt, to above 316”, 6 (NiO, PO 5 ) 4 - NaO, POg 
or 6 (CoO, POg) + NaO, POg was deposited; the former is a greenish- 
yellow—^thc latter a splendid rose-coloured powder; both are insoluble 
in water and dilute acid, but dissolve in concentrated sulphuric 
acid.—With pure acid, prepared from phosphorus by means of 
nitric acid, Maddrell prepared the following salts 
of protoxide of nickel^ NiO, POg, was obtained by mixing a solu¬ 
tion of sulphate of nickel with excess of phosphoric acid, evapor¬ 
ating and heating above 316”, when it was deposited as a greenish- 
yellow powder, insoluble in water and dilute acids, soluble in con¬ 
centrated sulphuric acid.—^The cobalt- and manganese-salts^ CoO, POg 
and MnO, POg, prepared in the same manner, are distinguished 
from the preceding by their colour only, the former is rose-coloured, 
the latter white.—The salt of protoxide of copper, CuO, POg, is 
formed in the same manner, as a blueish-whitc powder, from nitrate 


(1) Ann. Ch. Pham. LIV, 94. 

(2) Jahresbcrlclit, XXVT, 1.33. 

(3) Phil. Mag. [3] XXX, 322; Chem. Soc. Mem. Ill, 273 ; iinn. Ch, Pham. LXl, 
5.3; . Pr. Chem. XLI, 131. 
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of protoxide of copper.—^Thc salt of sesquxosAde (f iron, FcgOa, 3 PO 5 , 
as a white powder, from sesquichloride of iron.— HhQ alumina-saltj 
AIj O 3 , 3 PO 5 , separated as a white powder, on evaporating a solution Maddreii-t 
of alumina in excess of dilute phosphoric acid and heating above 316”. 

In the same manner were prepared the salt of sesquiotcide of chro¬ 
mium, CrjOg, 3 PO 5 , of a beautiful green colour, insoluble even in 
concentrated acids :—the baryta-, strontia-, lime- and magnesia-salts, 
all of them being white powders, whose composition is represented 
by the general formula MeO, PO 5 . After fusing two parts of 
chlorate of potassa and one of syrupy phosphoric acid, heating 
strongly and digesting the fused mass with water, the potassa-salt, 

KO, POg, remained behind as a white powder, insoluble in water, 
soluble in dilute and concentrated acids. The soda-salt, Na 0 ,P 05 , 
])reparcd in the same manner from nitrate of soda, exhibits a similar 
deportment; it is likewise a white powder insoluble in water. 

Graham’8 ittetaphoNphoric Acid. —^^fhis soda>salt then differs in a 
remarkable manner from Graham's amorphous vitreous metaphos¬ 
phate of soda, which is deliquescent in the air and contains a modifi¬ 
cation of metaphosphoric acid, producing with lime, barjrta and 
magnesia, compounds of turpentine consistency (1). 

Ficltmann and iienu eh er ff’s Salts. —^A third modification of mo¬ 
nobasic or metaphosphoric acid has been investigated by Fleitmann 
and llcimcberg( 2 ); it is distinguished by foriniug easily soluble and 
crystalline compounds with almost all bases.—The point of departure, 
for the p-eparation of these compounds, is the soda-salt, which may 
be obtained in two ways. It forms by exposure of the phosphate of 
soda and ammonia, (microcosmic salt), to a gradually increasing tem¬ 
perature, when ammonia and water arc evolved, a white saline mass 
being produced, which is perfectly soluble in water, yielding an acid 
solution. When powdered and exposed to an increased temperature, 
and constantly stirred, this saline mass loses the remaining water, 
and with it its acid reaction; if the application of heat be inter¬ 
rupted while the latter reaction is still just perceptible, treatment 
with water yields an insoluble residue together with a soluble 


( 1 ) Graham’s metaphoBphatc of soda gives, according to Fleitmann, a precipitate 
with nitrate of protoxide of silver, which, when filtered oflT directly, washed with some 
cold water, then strongly pressed between blotting-paper and fused, has the composition 
AgO, PO 5 ; if the precipitate were left in contact with the liquid overnight, and then 
washed with cold water, and dried at 100 ®, its composition was,, according to Weber, 
3 AgO, 2 PO 5 + no (H. Rose, loc. cit. vide p. 257). 

(2) Ann. Ch. Pharm. LXV, 304; Gcrhardt and Laurent’s Compt. Rend, des 
Trav. Chiin. 1849,12. 
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portion, which may be crystallized by evaporation at about 30®, 
but not by allowing a hot saturated solution to cool. The other 
method of preparing it consists in slowly cooling metaphosphatc 
of soda, Graham's salt, formed by the ignition and fusion of phos¬ 
phate of soda and ammonia, or of the residue obtained by the 
former method, when a crystalline mass is produced, separating 
upon treatment with a moderate excess of warm water into two liquid 
layers, the larger of which may be made to crystallize. The 
crystals of the soda-salt, obtained by one of these methods, appear 
to belong to the triclinometric system, they dissolve in 4*5 times 
their weight of water, imparting to it a cooling, purely saline 
taste; the cold aqueous solution may be kept for a long time 
without decomposition; on boiling it, acid reaction and decomposition 
ensue; the salt is quite insoluble in alcohol, and difficultly soluble 
in. very dilute spirit. The formula of the crystals is NaO, PO 5 , 
-+4HO; dessicated .pver sulphuric acid or in the water-bath, the 
greater part of the water is lost.—If a concentrated solution of 
the soda-salt be mixed with much nitrate of protoxide of silver (in 
employing a small quantity an admixture of soda-salt is inevi¬ 
table), the silver-salt gradually crystallizes out in beautiful trans¬ 
parent crystals, belonging apparently to the monoclinometric system, 
and having the composition 3 (AgO, PO 5 ) + 2 HO(l).— The lead- 
salt, crystallized in the same manner, is PbO, PO 5 + HO.—Prom a 
mixture of chloride of barium and soda-salt, in which the former 
predominates, the baryta-salt BaO, PO 5 + 2 IIO crystallizes in 
oblique rhombic prisms; if the soda-salt be present in excess, 
crystals of a soluble double-salt 2 (BaO, POg) + NaO, POg + 8 IIO 
is obtained in stellated tufts (5 HO escape at 100 ®^. Double salts 
may be obtained with protoxide of zinc and lime, also containing 
for 1 equivalent of soda two of the other base.—Henncberg and 
Fleitmann state, moreover, that the salts of lime and strontia 
are remarkable for the beauty with which they crystallize, while 
the compounds of magnesia^ protoxides of zinc, manganese and cobalt 
do not crystallize so well. 

So se *s fourth Suhmoillllcatloii of Setaphosphoiie Acid. —H. Ilose(2) 
has given a complete comparison of the properties and reactions of 


(1) The acid contained in the Bilvcr*«alt may, according to Fleitmann, bo eaBily 
isolated by hydrosulphuric acid, and then affords, on saturation with carbonate of soda, 
the original soda-salt; on neutralization by ammonia and on addition of nitrate of 
silver the crystallized sUver-salt is again obtidned. (II. Rose, loc. oit. p. 257). 

(2^ f.oc. cit. p. 2'>7. 
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the. three submodifications of mctaphosphoric acid (in Graham's, 
Maddrell's, and Fleitmann and Hennenberg's salts) discussed 
above—^if this name be retained for the acid, the salts of which cqn- 
tain 1 equivalent of base to 1 equivalent of acid; he considers 
it probable that the acid obtained by combustion of phosphorus, 
to which the property of producing a large precipitate in a solution 
of chloride of barium is peculiar, may be distinguished as a fourth 
submodification. All the submodifications of metaphosphoric acid 
(as also their soluble salts on addition of acetic acid) precipitate 
a solution of white of egg; this property is not possessed by pyro- 
phosphoric acid, although lately assigned to it by Berzelius. On 
heating a concentrated solution of common phosphoric acid until 
it commences to volatilize, metaphosphoric acid is produced, which 
gives a copious precipitate with chloride of barium; by a rapid 
application of heat, however, an acid may be obtained, which is not 
thrown down by ^loride of Wium.—^Weber has confirmed Rose's 
former statement^ that fused phosphoric acid contains rather less 
water than corresponds with the formula POg + HO; a portion 
exposed for a considerable time to a temperature at which it com. 
menced to volatilize, coutained 10*2 per cent, of water. 

Blunienau(l) has called attention to a peculiar colouration, 
appearing on heating and fusing phosphoric acid, prepared from 
bones, and purified by hydrosulphuric acid, alcohol, and sulphuric 
acid; he ascribes this colour to the formation of ferric or permanganic 
acids, or of both. 

other new Modlfleations of Phosphoric Aeld. —^The amount of water 
in many of their salts, and also the composition of the double-' 
salts, induced Fleitmann. and Hcnneberg to assume in these 
salts the existence of 3 equivalents of fixed base, and 3 equivalents of 
phosphoric acid. They discuss Graham's view of the different 
modifications of phosphoric acid, and agree with Liebig, in regarding 
the composition of the different phosphates in such a light, as to 
compare quantities of the various salts containing an equal amount 
of base, as illustrated by the following formuljc (MO representing 
1 equivalent of base): . - ^ 

6MO+2PO5 fiMO + SPOg. 6 MO + 6 POg 

when 6 MO -f 2 POg represents the common phosphates, 6 MO 
+3 POg the pyrophosphates, and 6 MO+6 POg the metaphosphates, 
the transition of one class into the subsequent one being considered 
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as dependent on the assimilation of phosphoric acid. They have 
endeavoured to fill up the intervals in the above series, by prepanng 
the salts 6 MO + 4 POg, and'6 MO + 5 POg. 

They first prepared the soda-salts by fusing together the com¬ 
pounds 6 NaO, 2 POg or 6 NaO, 3 POg with 6 NaO, 6 POg in the 
requisite proportions [3 (GNaO, 3 POg) + (6 NaO, 6 POg) = 18 NaO, 
12 POg = 3 (6 NaO, 4 POg), or (6 NaO, 2 POg) + (6 NaO, 6 POg) 
= 12 NaO, 8 POg=2 (6 NaO, 4 POg)]. 76’87 parts of Graham's 
metaphosphate of soda and 100 of anhydrous pyrophosphate, or 
187*27 parts of metaphosphatc of soda and 100 of the compound 

3 NaO, POg, powdered and very intimately mixed, are fused for a 
considerable period; on cooling, the mass solidifies with crystalline 
texture. An excess of the finely powdered salt is digested with hot 
water, the fluid filtered off, and allowed to crystallize over sulphuric 
acid, or by exposure to the atmosphere. Ciystallization often ensues 
only after 12 to 24 hours, when a granular crystafijne mass is depo¬ 
sited, exhibiting small delicate plates under the microscope. The 
mother-liquor being drained off, the crystals are washed with some 
cold water, and dried between bibulous paper. The soda-salt, thus 
prepared, gave on analysis results agreeing with the formula 6 NaO, 

4 POg, and a quantity of water oscillating between 7*4 and 8*9 per¬ 
cent j it is soluble in about 2 parts of cold water; the solution has a 
slightly alkaline reaction, decomposition, however, soon ensues (with 
the formation of other phosphates), an acid reaction becoming 
manifest at the same time. This decomposition likewise takes place 
rapidly on treatment with acetic acid, so that by solution therein, 
•and precipitation by alcohol, the acid salt 4 NaO, 2 110, 4 POg 
sought f6r, could not be obtained. This is, however, the composition 
of the mass obtained by drying the acid pyrophosphate of soda at 
220^; yet a solution of this salt gave with solution ^ silver a pre¬ 
cipitate of p 3 rrophosphate of silver.-—By precipitating a solution of 
6 NaO, 4 POg with a solution of silver, (unless employed in excess, 
the precipitate contains an admixture of common phospWe of silver) 
a silver-salt 6 AgO, 4 POg was obtained, (nearly anhydrous when 
dried at 106^, and of a very low fusing point); sulphate of mag¬ 
nesia yielded with the soda-salt a precipitate of the compo¬ 
sition 6 MgO, 4 POg when ignited; with chloride of barium and 
chloride of calcium, the corresponding salts 6 BaO, 4 POg and 
6 CaO, 4 POg; the three latter compounds being infusible, and losing 
by too powerful ignition their solubility in acids.—Pleitmann and 
Henneberg propose for the acid contained in these salts the name 
of sesquijihosphoric acid because they exhibit the same mode of 
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composition as the salts termed by Berzelius sesquiphosphates. A 
characteristic distinction of this acid could not be found; in its 
reaction it stands between meta- and pyrdphosphoric acids. It is, 
however, distinguished from the former by the insolubility of the 
magnesia-compound, from the latter by the solubility of the sUver-salt 
in a large excess of the soda-salt. 

The soda-salt 6 NaO, 5 PO., was obtained by fusing together 
2 ( 6 NaO, 6 POg) + (6 NaO, 3 POg) [= 18 NaO, 15 P 05=3 (6 NaO, 
5 PO 5 ], t. e., 307*5 parts of metaphosphate, and 100 of pyrophos¬ 
phate of soda; thus prepared, it forms a vitreous mass, crystallizing 
with more difficulty than the preceding soda-compound. The 
precipitate by nitrate of protoxide of silver is easily soluble in excess 
of the soda-salt; when fused it was found to contain 6 AgO, 5 PO5. 

Sniphopbosphoric Acid. — According to Wurtz(l), bisulphoter- 
chloride of phosphorus, when heated in the water-bath, with an excess 
of moderately concentrated soda-solution, yields on cooling a solid mix¬ 
ture of the soda-salt of an acid containing phosphorus and sulphur( 2 ), 
with chloride of sodium (PCI3 S 2 + 6 NaO=PS 2 O3, 3NaO-H3NaCl). 
The sulphophosphate may be purified by washing with a little cold 
.water, and rccrystallization. The crystals are small thin plates, 
belonging, according to Provo8taye(3), to the hexagonal system, 
and form, by the predominating terminal planes, a rhombohedron 
R, and the first more obtuse rhombohedron — ^ R. For R the 
principal axis = 1*92, the angle of the lateral edge = 104® 20'. 
The crystals are insoluble in alcohol, easily soluble in boiling water, 
and effiorescent in the air. They contain 3 NaO, PSg 03 - 1-24 HO, 
corresponding to the soda-salt of common phosphoric acid, 3 NaO, 
P 05 H- 24 H 0 , with which they are not however isomorphous. The 
solution has a strongly alkaline reaction; chlorine, bromine, and 
iodine decompose it immediately, separating the sulphur, and seizing 
a portion of the sodium, while" a phosphate is produced (3 NaO, 
PS 3 03 -|- 2 Cl=Na 0 , P 05 -h 2 NaCl+S 2 ); nitric acid, even when 
dilute, acts in a similar manner. Acids, not being oxidizing agents, 
however weak they may be, separate the sulphophosphoric acid, 
which at once decomposes into hydrosulphuric and phosphoric 


(1) Compt. Rend. XXiy, 288; Ann. Ch. Phys. [3] XX, 472; Ann. Ch. Phtrai. 
LXIV, 245; J. Pr. Chem. XLII, 209. 

(2) Cloez has subsequently called attention to the formation of this acid (Compt. 
Rend. XXIV, 389). 

(3) Ann. Ch. Phys. [3] XX, 482; Compt. Rend. XXIV, 358. * 
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acids (3 no, PSj O 3 + 2 IIO = 3 HO, POb + 2 HS). Sulphophos- 
phate of potassa could not be obtained pure; it is very soluble 
in water, and crystallizes only with difficulty. The lime-, baryta-, 
and strontia-salts are insoluble in water, as likewise the salts 
of the protoxides of cobalt a*id nickel, the latter blacken on boil¬ 
ing. The salt of sesquioxide of iron is obtained as a gelatinous 
dark red precipitate not changed by boiling. The lead-salt is white 
at the moment, of precipitation, but becomes black after a few 
hours (and the liquid, acid), sulphide of lead and phosphate of 
protoxide of lead being produced. The copper-salt decomposes still 
more easily. The silver- and mercury-salts do not exist; on mixing 
the soda-salt with nitrate of protoxide of silver, sulphide of silver is 
immediately formed. 

Hyiiridc of Phosphorus. — An appropriate arrangement for the 
evolution of phosphoretted hydrogen has been described by Knop(l); 
it allows the disengagement of this gas to be inten’upted at pleasure. 

Pentaciiioridc of Phosphorus.— Cahours(2) has investigated the 
action of pentachloride of phosphorus on various organic substances; 
the results obtained will be described hereafter (comp, anisic acid, 
benzoic acid, benzilic acid, cinnamic acid, nitranisic acid, nitro- 
benzoic acid, oil of bitter almonds, Koman cumin oil, cinnamon oil). 

Mitscherlich had found the density of vapour of PCI 5 to be 
4*85 at 185®, which shows that 1 equivalent of PCI 5 occupies G 
volumes, the volume of 0 = 1 . This condensation in the state of 
vapour being an isolated case, Cahour 8 ( 3 ) has made some experi¬ 
ments on the subject. It is known, that for many organic 
substances the relation of the specific gravity of their vapours to 
that of the air difiers considerably, according to the temperature, 
becoming constant only at temperatures far beyond the boiling 
point ; for pentachloride of phosphorus he found the specific gravity: 

at 182»=1.5-078 at 230®== 4-302 at 288®=3-67 • 327®=*3-656 

190 -4-987 250 =3-991 289 =3-69 336 =3-656 

200 =4-851 274 = 3-840 300 = 3-654 

Hence the equivalent of PCI 5 occupies 8 volumes, (an assumption 
on which the specific gravity of the vapour is found by calculation 
to be 8’61). This condensation is likewise uncommon, and Gahours, 


(1) Pham. Centr. 1848, 649. 

(2) Ann. Ch. Phys. [3] XXIII, 327; J. Pr. Cheni. XLV, 129; (in abstr.) Ann. Ch. 
Pharm, LXX, 39; J. Pharm. [3] XIV, 220. 

(3) Ann. Ch. Phys. [3] XX, 369; J. Pr. Chem. XLl, 368. 
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hence, is of opinion that PCIb should be considered as consisting of fhl^ri'da'of 
PClg and CIg, which constituents have, in the gaseous state, combined 
in equal volumes without condensation. 

Bisuipho-terchioride of Pbospiiorus. —For the bisulpho-terchloride 
of phosphorus (PS^ CI3), which boils, according to Cahours, at 
between 126 and 127®, he found the density^of the vapour to be, 

5-963 at 168® j 5-879 at 244® j 5-878 at 298®; 
corresponding to a condensation of 4 volumes. Cahours regards 
this body as PCI 3 , Sj. 

Binoxl-terchloiide of Phosphorus. —^Thc same chemist found the 
density of vapour of binoxi-terchloride of phosphorus (PO 3 CI 3 , 
boiling point 109®, vide infra,) to be, 

5-334 at 151®; 5 298 at 215® j 5-295 at 275®, 

corresponding to a condensation of 4 volumes; he regards this 
compound as PCI 3 , Og. His view as to the constitution of all these 
combinations is chiefly based upon some observations made respecting 
PCI 5 ; in addition to what has been stated above, it rests particularly 
on the fact "of hydrosulphuric acid or aqueous vapour eliminating 
only two equivalents of chlorine, which appears to indicate that 
the residue, PCI 3 , must be considered as a proximate constituent of 
this compound. 

Binoxi-terchloride of phosphorus was discovered by Wurtz(l), 
who found that pentachloride of phosphorus, placed in a vessel, 
together with a small tube containing water, and thus continually 
exposed to the action of the moist air, forma hydrochloric acid and 
binoxi-terchloride PCI 3 O 3 (PCI 5 + 2 IIO = PCI 3 Og + 2 HCl). 

After the decomposition of thp pentachloride, the product is distilled; 
the portion passing over first contains hydrochloric acid, the new 
compound distilling over at 110®. It is a colourless liquid, of high 
refractive power j its odour recalls that of the terchloi-ide of phos¬ 
phorus (PCl 3 ).^ The specific ^avity is 1-7 at 12®, its boil. p. 110”. 

Wurtz found‘the density of its vapour=5-40, 1 equivalent in the 
state of vapour occupying 4 volumes. It forms white fumes in 
contact with the air; when in contact with water it dissolves with 
the formation of hydrochloric and phosphoric acids ( 2 ). 

(1) Loc. cit. p. 275 . 

(2) Cahours obtained the binoxi-terchloride of phosphorus by the action of penta- 
chloridc of phosphorus (P Clg) on hydride of benzoyl (oil of bitter almonds). The 
portion of the distillate passing over in the rectification, between 108“ and H2», con¬ 
sisted chiefly of this compound. He found the boUing-point likewise at about 110", 

(he spec. grav. = 1*673 at 14", the density of vapour = 5*372*at 211" (compare other 
cxiieriments by him p. 276). (Ann. Ch. Pliys. [3] XXIII, 329j. 
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Wurtz has given the following synopsis of substances belonging, 
in his opinion, to the same type: 

PentacUoride of phosphorus. . P Clg Phosphoric acid .... POg, 3 HO 

Bisolpho'terchloride of phos. . P CI 3 S 3 Sulphophosphoric acid . PO 3 Sot 3 HO 

Pentasulphide of phos. . . . P Sg Phosphorous acid . . . PO 4 H, 2 HO 

Binoxi-terchloride of phos. . . P CI 3 0 . 3 ^ Ilypophosphorous acid . PO 3 Hj, HO 

Binamido-terchloride of phos. 

Attempts to prepare the combinations PCI 3 Br^, PCI 3 Ig, PCI 3 Cy^, 
were unsuccessful. 

Sulphur.— ^Deville(l) has determined the specific gravity of 
sulphur in its different states. He found (water at its maximum 
density being = 1 ) the specific gravity of the rhombic modification 
to be 2*070 when native, and 2*063 when crystallized from bisulphide 
of carbon. The specific gravity of the monoclinomctric modification, 
immediately after its passage from the fused into the crystalline state, 
was 1*958; it increased gradually after eight months to 2*050. 
Amorphous sulphur, immediately after preparation, showed a specific 
gravity, of 1*919 and 1*928, which increased gradually in eleven 
months to 2*051 and 2*061. These experiments confirm'the principal 
points of those made at a former period by Marchand and Scheerer. 

Pasteur(2) has observed that sulphur, when crystallizing from 
bisulphide of carbon, is capable also at the ordinary temperature, of 
assuming the monoclinometric form, which had been formerly observed 
only in sulphur solidifying after fusion. 

Deville(3) believes that the deposition of monoclinometric crystals 
of sulphur from its solution in bisulphide of carbon depends upon 
the presence of viscid sulphur in the solution, and that the reddish 
colour of the crystals thus obtained is due to the same cause. He 
farther adds, 'that bisulphide of carbon at 12° dissolves 0*35 of its 
own weight of sulphur. Rhombic sulphur (whether natural or 
artificial) is stated to dissolve entirely in bisulphide of carbon, without 
residue, whilst monoclinometric (freshly prepared or already trans¬ 
formed) leaves a very light whitish residue, never exceeding 0*03 of 
the original weight; sulphur quickly cooled (soft sulphur or 
flowers of sulphur) left a residue of 0*11 to 0*35 of the original 
weight. 

According to Schrdtter(3), amorphous sulphur is insoluble in 


(1) Compt. Rend. XXV, 857. 

(2) Compt. Reiid. XXVI, 485 Ann. Ch. Phys. [3] XXIV, 459; Pogg. Ann. LXXIV, 
94 ; J. Pr. Chem. XLIV, 120; Ann. Ch. Pharm. LXVIII, 228. 

(3) Compt. Rend. XXVI, 117. 

(4J Wien. Acad. Ber. 1848, II, 200. 
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bisulphide of carbon; in order to obtain a product rich in this 
amorphous modification^ sulphur was exposed for 68 hours to a 
temperature of 360^, and then rapidly cooled. 

Hyposuiphurons Acid. —Jacquelain(l) has briefly stated that 
sulphurous acid and sulphur can unite directly in their nascent state 
to form hyposulphurous acid; the latter Is said to be produced in the 
presence of water by the action of sulphurous and hydrosulphuric 
acids, (in this case, pentathionic acid is formed, vide infra). Accord¬ 
ing to Jacquelain^s statement, hyposulphite of baryta can be pre¬ 
pared in quantity by mixing a solution of sulphide of barium with 
excess of a solution of sulphurous acid, heating to 50”, filtering, 
&c. &c., or by passing a current of sulphurous acid gas into a 
solution of baryta heated to 60”, and containing sulphur in sus¬ 
pension. 

F. Keasler(2) has accurately investigated some of tbe salts 
of hyposulphurous acid. According to former statements, the 
potassa-salt crystallizes with wat^ in four proportions (Rammels- 
berg analyzed a salt 3 (K 0 ,S 303 )*f HO; Hopping obtained a salt 
by decomposing pentasulphidc of potassium with chromate of potassa, 
crystallizing sometimes in prisms of the composition KO, SgO^ + HO, 
at other times in rhombic pyramids of the composition 3 (KO, S 2 O 2 ) 
4-3110; Plessy asserts, that by boiling sulphur with sulphite of 
potassa, he formed KO, Sa02 4-2 HO). Kessler has obtained, by 
the gradual addition of a hot solution of bichromate of potassa to a 
hot solution of pentasulphidc of potassium, and evaporation of the 
liquid at 30”, thin four-sided prisms of the composition 3 (KO, SgOg) 
4- HO; the mother-liquor, when strongly agitated, yielded small 
granular crysta.ls, which, when dissolved in warm water, deposited on 
cooling rhombic pyramids of the composition 3 (KO, SgOg) 4- 6 HO, 
which agrees with the results obtained in Hopping^s analysis. 
Hyposulphite of potassa, obtained by boiling sulphite of potassa 
with sulphur, exhibited the same phenomena respecting the for¬ 
mation of two kinds of crystals. A double salt of hyposulphite 
of potassa and cyanide of mercury KO, SgOgd-Hg Cy was obtained 
only once in the form of large four-sided prisms, by the addi¬ 
tion of alcohol to a solution of equal equivalents of both salts and 
concentration of the mother-ley in vacuo. Hyposulphite of sironiia 
was obtained most easily by mixing coneentrated hot solutions of 
c(}ual equivalents of nitrate of strontia and hyposulphite of soda, 


(1) Anil. Ch. Phys. [3] XXI, 110; J. Pr. Chem. XLll, SSfr. 

(2) Pogg. Ann. LXXIV, 274 ; Ann. Ch. Pharm. LXVIII, 231, (in abstr.). 
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when this salt crystallized out on cooling j SrO, SgO^ + HO separated 
in small prismatic crystals on evaporating a solution at or above 
50*^.—^The double salt of magnesia and potassa was obtained by 
Kessler on miidng hot solutions of equal equivalents of hypo¬ 
sulphite of potassa and sulphate of magnesia; the sulphate crys¬ 
tallized from the liquid on' cooling, and the double hyposulphite 
on evaporating the mother-ley at a low temperature. He obtained 
the corresponding ammonia double salt, MgO, S 203 H-NH 40 ,S 20 g + 

6 HO, by decomposing the double sulphate with hyposulphite of 
strontia; the concentrated solution becoming turbid when warmed, 
and depositing, only at temperatures below 0“, crystals of the double 
salt, which readily deliquesce. 

soiphnrous Acid. —^The solid combination of sulphurous acid with 
water has been more minutely investigated by Pierre(l). The crystal¬ 
line body, which was obtained by passing sulphurous acid and aqueous 
vapour into a vessel cooled to —6® or —8*^ and to which ice possibly 
might adhere, contained about 24*2 of acid to 75*8 of water; crystals 
which separated at about 0® from a saturated solution of sulphurous 
acid contained 25*1 to 26*1 percent of acid; the same fused and re- 
ciystallized contained 27*9 sulphurous acid, corresponding nearly to 
the formula SOg-fOHO, which requires 28*3 of acid to 71*7 of water. 
—^The crystals appear to be monoclinomctric, they arc heavier 
than water, which at 10° dissolves about half its weight of 
them; freed from the liquid they may be exposed to the air for 
some time without perceptibly absorbing oxygen; at a slight in¬ 
crease of temperature they fuse and disengage sulphurous acid.— 
Pierre has found also that liquid sulphurous acid, when brought into 
contact with water, at a temperature lower than its boiling point, 
does not combine with it, some of the acid only-dicing taken up 
■ by the water with the formation of the compound already described; 
also when heated in sealed tubes with water to + 12°, liquid sul¬ 
phurous acid does not combine with it. 

Dopping(2) appears to have obtained the same compound, 
though not free from adhering moisture, by passing a current of 
sulphurous acid gas into water surrounded with icc, when a crys¬ 
talline body separated, which fused between —1° and—2°. Hop¬ 
ping’s analysis of these crystals gave 24*0 to 26*6 percent of 


(1) Ann. Ch. Phys. [3] XXIII, 416; Compt. Rend. XXVII, 21 (in abstr.); J. IV. 
Chem. XLV, 237; Ann. Ch. Pharra. LXVIll, 228. 

(2) Pclersb. Acad. Bull. VII, 100; J. IV. Chem. XLIV, 255. 
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sulphurous acid; an error of calculation(l) led him to believe that 
they contained equal equivalents of sulphurous acid and water. 
Dopping supposes that there exists another compound which crys¬ 
tallizes at — 6 ® to —7® from the*mother-liquor of the former; it 
could not be more accurately examined. 

J. S. Muspratt(2) has again investigated the composition of 
several sulphites, some discrepaneies having existed between his 
former data and those of Rammel8berg(3), particularly with respect 
to the water(4) which they contain. For the soda-salt crystallized 
over sulphuric acid, he again found NaO, S 02 , + 10 HO (according to 
Rammelsberg it contains only 7 HO). By saturating a strong solu¬ 
tion of caustic ammonia with sulphurous acid, until the odour of 
both compounds had disappeared, and adding alcohol, he obtained 
an ammonia-saltf to which, when dried over sulphuric acid, he 
assigns the formula 2 (NH 4 O, S 02 )+NH 3 -h 3 H 0 . Crystallized 
sulphite of protoxide of iron has, according to his results, which agree 
with those of Fordos and G^lis,dhe composition FeO, SO^+SHO; 
the yellowish crystalline precipitate, which is produced by potassa 
in a solution of freshly precipitated sesquioxidc of iron in aqueous sul¬ 
phurous acid, is Fe^OgjSOa+2(KO, SOg) + 5 HO. From the solution of 
.carbonate of protoxide of nickel in water which was subjected to a 
continuous stream of sulphurous acid, he again obtained crystals 
of a salt of protoxide of nickel agreeing in composition with 
that formerly given by him, namely, NiO, S 024 - 4 H 0 . If the 
precipitate, which is produced by alcohol in a solution of carbonate 
of protoxide of cadmium in aqueous sulphurous acid, be allowed to 
remain for several days in contact with the liquid, a crystalline 
salt of cadmium is formed, CdO, SO 2 + 2 HO. As to the red 
copper-salt which is produced by the action of sulphurous acid on 
protoxide of copper suspended in water, and to which Eammels- 
berg had assigned the formula CuO, SOj + CugO, SO 3 + HO. 
Muspratt adheres to his formula Cu 20 ,S 02 4 -HO; he states that 
boiling water removes from it the half of its amount of sulphurous 
acid. A double salt of sulphite of suboxide of capper and sulphite 
of soda was prepared by mixing a saturated solution of sulphite 
of protoxide of copper and sulphite of soda, addition of absolute 
alcohol and evaporation in vacuo of the dark red fluid which separated; 

{\) Compare Arch Ph. Nat. IX, 222; Ann. Ch. Pharm. LXVIII, 230. 

(2) Phil. Mag. [3] XXX, 414 j Chem. Soc. Mem. Ill, 292; J. Pr. Chem. XLI, 211; 
Ann. Ch. Phanu. LXIV, 240. 

(3) Ann. Ch. Pharm. L, 259. 

(4) Pogg. Ann. LXVII, 245, 391. 
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the fine yellow crystals, which deposited, had the composition CU 2 O, 
SO 2 + 5 (NaO, S02)+38H0. 

saipburtc Acid.— Barreswil(l) has found, that by distilling 
hydrated sulphuric acid with anhydrous phosphoric acid, anhydrous 
sulphuric acid is obtaincdin the receiver. Evans(2) recommends this 
method for the preparation of the latter body. 

In order to prevent the bumping in the rectification of sulphuric 
acid, Lembert(3) has recommended the introduction of pieces of 
quartzite, and B,edwood(4) that of pieces of rock crystal into the 
retort. Rieckher(5) has communicated his experience with regard 
to the rectification of this acid.—Hayes(6) recommends the puri¬ 
fication of crude sulphuric acid, by heating it with a little nitre and 
then with sulphate of ammonia and concentrating until the specific 
gravity is 1*78, After allowing the liquid partly to crystallize, it 
has to be rectified. 

mixtures of Snlptaurlc Acid and Water.-— Bineau(7) has ascer¬ 
tained the spec. grav. of mixtures of hydrated sulphuric acid and 
water. He determined (for 0®) the spec. grav. of a number of 
mixtures in different proportions, the composition of which he 
established analytically, and then sought by interpolation the spec, 
grav. of mixtures in simple ratios; he farther ascertained the altera-, 
tion of the spec. grav. by a change of temperature. In this manner 
the following table was constructed, the first column of which 
contains the percentage by weight of sulphuric acid in aqueous 
acid, the second the spec, grav, at 16®, the third the appropriate 
indications of Baume's areometer (for the same temperature), the 
latter, under the assumption that 66® of Baume correspond to the 
spec. grav. 1'842. 


5 

1032 

40.5 

30 

1-223 

28«-2 

55 

1-448 

440.7 

80 

1-734 

61®-1 

10 

1-068 

9-2 

35 

1-264 

30-1 

60 

• 1-501 

48 -2 

85 

1-786 

63 -5 

15 

1-106 

13-9 

40 

1-306 

33 -8 

65 

1-557 

51 -6 

90 

1-822 

65-1 

20 

1-144 

18 -1 

45 

1-351 

37 -5 

70 

1-615 

55 -0 

95 

1-838 

65 -8 

25 

1-182 

22 -2 

50 

1-398 

41 -1 

75 

1-675 

58 -2 

100 

1-842 

66 -0 


Bineau states, that he was not able to obtain the pure hydrate of 


(1) Compt. Rend. XXV, 30; PhU. Mag. [3] XXXI, 314; J. Pr. Chem. XLII, 384. 

( 2 ) Pharm. J. Trans. VIII, 127; J. Chim. M^d. [3] V, 9. 

(3) J. Phatm. [3] XII, 166; J. Pr. Chem. XLII, 341. 

(4) Pharm. J. Trans. VIII, 82. 

(5) Jahrb. Pr. Pharm. XV, 78. 

( 6 ) Sill. Am. J. [2] VI, 113. 

(7) Ann. Ch. Pbys. [3] XXIV, 337; J. Pharm. [3] XV, 30) Ann. Ch. Pham. 
LXVIII, 240; J. Pr. Chem. XLVI, 98. 
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sulphuric acid by concentrating the dilate acid; the product con- 
taincd always, at the least, 1 percent more water than the formula 
required, lie mentions, that according to his expenments, the 
greatest condensation attending the mixing of hydrated sulphuric acid 
and water did not correspond to a mixture in stoechiometrical propor¬ 
tions, (it had been formerly asserted, that the maximum condensation 
took place with the mixture SO 3 , HO + 2 HO or SO 3 + 8 HO). 

Decomposition of Snlpbates. — Ba 8 tick(l) communicates, that 
well-water containing gypsum in solution, having been shaken with 
an ctherial oil and allowed to stand to a close vessel for three weeks, 
became saturated with hydrosulphuric acid, whilst the oil disap¬ 
peared and carbonate of lime was deposited. 

A. d'Heureu8e(2) has published some researches on the beha¬ 
viour of iron and zinc with sulphuric acid and its combinations.— 
Iron, exposed to the vapour of anhydrous sulphuric acid at a high 
temperature, by placing a crucible filled with iron wire into one 
containing sulphate of bismuth, which was closed and subjected for 
half an hour to a red heat, was converted into a fused blistered mass 
of a metallic grey colour and a bronze-like fracture; according to 
d^Heureuse 4 SO 3 give with 13 Fe a mixture of 3 (FeO, FcjOg) 
and 4 FeS ; he states, that a small portion of the sulphuric acid 
was, hov^cver, decomposed by the heat into oxygen and sulphurous 
acid, and that from such a mixture iron absorbed chiefly oxygen, so 
that the mass formed was somewhat richer in oxygen than the 
explanation given would lead us to expect. Zinc, treated in the 
same manner, was converted into a greenish-yellow powder, a mixture 
of protoxide and protosulphide of zinc; SO 3 + 4 Zn = 3 ZnO 
+ ZnS.—Sulphate of potassa exposed for a short time to a moderate 
red heat with an execss of finely divided iron was entirely decom¬ 
posed ; KO, SO 3 and 3 Fe give KO, FcgOg and FeS. Water ex¬ 
tracts from the blackish porous mass a solution of sulphide of iron 
in potassa which is brownish-yellow wh«n hot and dark-green when 
cold; on exposure to the air it is decolorized with deposition of a 
dark-brown precipitate, sulphide of potassium and a hyposulphite of 
potassa being produced. On addition of copper, a mass is obtained 
from which water extracts caustic potassa and hyposulphite of potassa; 
the solution contains no sulphide of iron. Sulphate of potassa, heated 
with an excess of zinc, is likewise completely decomposed, (this mix¬ 
ture exhibits, even below a red heat, a beautiful incandescence) 

(1) Pharni. J. Trans. VII, 105. 

(2) Pogg. Ann. LXXV, 255 ; Ann. CU. Pham. LXYlll, 242 (in abstr.). 
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Stion of* yields a compact mass of a lemon-yellow colour, containing sul- 
BuiphateB. phide of potassium; KO, SO3 -I- 4 Zn = KS 4 ZnO.—Sulphate of 
soda behaves in a similar manner both with iron and zinc. Iron or 
zinc, when heated in a solution of sulphate of ammonia, arc dissolved 
(the iron as protoxide), with disengagement of ammonia. The fused 
salt acts in the same manner more energetically. By heating rapidly 
to redness a mixture of sulphate of ammonia and iron, sulphurous 
acid is evolved after the vapour of the salt has been disengaged; the 
iron is slightly oxidized and sometimes combined with sulphur.— 
Sulphate of lime, heated strongl^f with iron, yields a black-grey mass, 
of metallic appearance, containing • sulphide of calcium, and both 
proto-sesquioxide and sesquioxide of iron; zinc, heated to redness with 
sulphate of lime, deflagrates violently, and yields a porous yellowish 
mass containing lime, and both protoxide and protosulphidc 
of zinc; CaO, SO 3 + 4 Zn = CaO + 3 ZnO + ZnS.—Sulphate of 
baryta behaves in a similar way; it is more easily decomposed 
by iron than by charcoal, but water extracts the sulphide of 
barium only incompletely from the mass thus obtained. Chlo¬ 
ride of barium is easily obtained by mixing 2 p. of heavy spar and 
2 of iron with a solution of 1 of chloride of calcium, evaporating, 
and heating to redness for a short time in an iron crucible. .The mass 
is poured out while still hot, pulverized after cooling, and extracted 
with hot water, a little hydrochloric acid being added, in order 
to decompose a trace of sulphide of calcium which is dissolved, and 
evaporated to crystallization. In the same manner chloride of 
strontium can be prepared from celestinc; this mineral requires, 
however, a higher temperature for decomposition than cither the 
lime- or baryta-salt, and the mass produced yields a larger quantity of 
sulphide of strontium, but not the whole when treated with water. 
—On heating sulphate of magnesia with iron, a large quantity of 
sulphurous acid is given off, while an iron-grey mass remains, which 
contains no sulphide of magnesium, but consists chiefly of protoxide 
and sesquioxide together with a trace of sulphide of iron. Zinc 
gives rise to a similar decomposition, attended by a violent deflagra¬ 
tion.—Iron and zinc act only very slightly, if at all, on neutral 
sulphate of alumina at high temperatures. 

Dl-,Trl-,Tetra- and Pentatiilonie AcldB.-^It is knoWn that 
several acids have been discovered of late, in which 5 equivalents of 
oxygen are combined with varying quantities of sulphur. Fonncrly 
hyposulphuric acid (S^ O5), discovered by Welter and Gay Lussac 
in 1819, was the only acid of this kind with which we were acquainted; 
in 1841 Langlois found the acid S 3 O 5 which is formed by con- 
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tinuously heating sulphur with bisulphite of potassa; in 1842 ”etra-' 
Fordos and Gelis discovered the acid S 4 O 5 , produced by the 
action of iodine on hyposulphite of soda or baryta; in 1846 
Wackenrodcr assigned the formula SgOg to an acid which he 
obtained by the mutual action of hydrosiidphuric and sulphurous 
acids in the presence of water. Plessy asserted in 1845 that an 
acid S 4 O 5 is formed by the action of subchloride of sulphur on a 
solution of sulphurous acid, diflering from that of Fordos and 
G^lis, whilst the chloride of sulphur forms, with the same 
solution, an acid SgOg. Researches relating to these acids (with 
regard to the nomenclature of which, we concur in the propo¬ 
sition to apply to SgOg the term diChionic acid, to SgOg trithionic 
acid, to S 4 O 5 tetrathionic acid, and to pentathionic acid) have 
been published in 1847 and 1848 by PlesBy(l), Jacquelain( 2 ), 
Lenoir(3), Ludwig(4), Fordos and Gdlis(5), and F. Kcssler( 6 ). 
Respecting the acids containing more than 6 cquivs. of oxygen, 

Plessy has stated that subchloride of sulphur (Sg Cl) produces 
with sulphurous acid and water the acids S 3 O 5 and S 4 O 5 only, (he 
admitted the identity of the latter with that discovered by Fordos 
and Gelis), and that chloride of sulphur, prepared by heating 
the subchloride in chlorine, when treated w'ith sulphurous acid in excess, 
forms the same acid, with a smaller amount, however, in addition to 
the acid S 4 O 5 , also the acids SgOg and SgO^. Fordos and Gdlis, 
who made use of more exact analytical methods, have ascertained 
that both subchloride and chloride of sulphur give rise to the 
same sulphur-acids, by their action on water and sulphurous acid, 

(the co-operation of the latter they found to be altogether unessential), 
and that a difference is exhibited only in respect to the quantity of 
sulphur which separates at the commencement of the reaction. They 
believe that the first result of this reaction is the production of SgOg, 
from which soon separates 8405 , and then S3O5, along with other pro¬ 
ducts of decomposition. They never found an acid containing more 
than 5 cquivs. of oxygen. ^ 

Ditiiionio Add. —^According to a short statement of Jacquelain, 


(1) Ann. Ch. Phys. [3] XX, 162; J. Pr. Chem. XLI, 329 i Compt. Rend. XXIV, 
198 (in abstr.); Ann. Ch. Phamn. LXIV, 247. 

(2) Ann. Ch. Phys. [3] XXI, 110; J. Pr. Chem. XLII, 338. 

(3) Ann. Ch. Pharm. LXII, 253; J. Pr. Chem. XLIII, 455 (in abstr.). 

(4) Arch. Pharm. [2] LI, 259. 

(5) Ann. Ch. Phys. [3] XXII, 66; J. Pr. Chem. XLIII, 456; Compt. Rend. XXV, 
623 (in abstr.); Ann. Ch. Pharm. LXIV, 249. 

(6) Pogg. Ann. LXXIV, 249; Ann. Ch.Pharm. LXVIII, 233 (inabstr.); Laurent's 
and eftrhardt’s Compt. Rend, des Trav. Chim. 1849,139. 
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dithionic acid also is gradually produced along with sulphuric in 
an aqueous solution of sulphurous acid to which the air has only 
very partial access^ (he examined a solution which had been prepared 
two years previously). 

Trtthtonic Acid. —Kessler obtained trithionic acid in aqueous 
solution by decomposing the potassa-salt with hydrofluosilicic acid; 
the liquid, however, could not be concentrated even at 0 ® without 
disengagemement of sulphuric and sulphurous acids. He confirmed 
the formula KO, S 3 O 5 for the crystallized potassa-salt. He found the 
formula BaO, S 3 O 5 -I -2 HO for a baryta-salt (dried between filtering- 
paper), which had been obtained by saturating the aqueous acid with 
carbonate of baryta and adding a large quantity of absolute alcohol, 
when the salt was precipitated in brilliant scales; the aqueous solu¬ 
tion of this salt is very rapidly decomposed.—He did not confirm 
the statement of Baumann, that trithionates are formed by digestion 
of dithionates with sulphur. 

Tetratbionic Acid. —-According to Kessler tctrathionic acid is 
best prepared from the lead-salt. In order to obtain this salt, 
hyposulphite of lead is prq)ared by mixing a solution of two parts of 
hyposulphite of soda, dissolved in a large quantity of warm water, 
with a. warm and likewise dilute solution of three parts of acetate of 
lead; the precipitate, which has been well washed with warm water 
whilst still moist, is mixed with one of iodine and stirred repeatedly. 
After some days, the whole is converted into iodide of lead and a 
solution of tetrathionatc of lead, which latter is to be decomposed 
by sulphuric acid (pot by hydrosulphuric acid). Tetrathionatc of 
strontia is obtained by mixing tetratbionic acid with a proper quan¬ 
tity of an aqueous solution of acetate of strontia and addition of alcohol j 
dried between blotting-paper it contains SrO, 8405 ^ 6 HO. The 
lead-salt prepared in the same way contains PbO, S 405 -f 2 HO. 
Neither the dead-, the soda- nor the copper-salt can be obtained 
in the crystalline state by evapbrating their aqueous solutions. 
The nickel- and cadmium-salts form deliquescent crystalline 
masses. 

Pentatmonio Acid.— Lenoir has found the baryta-salt of this 
acid to contain BaO, S 505 -j -2 HO, besides a small amount of alcohol. 
He prepared it according to the method of Wackenroder, by the 
reaction of sulphurous on "liydrosulphuric acid in the presence of 
water, and saturation with carbonate of baryta, when transparent 
square prisms of the salt were deposited on the addition of alcohol. 
Hence the small quantity of alcohol which Kessler found in the 
crystals. The aqueous solution of this salt is decomposed by heat. 
Folios and 6.11 is, who obtained this acid (SgOg) several tim^s by 
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the action of chloride of sulphur on an aqueous solution of sulphurous 
acid, arrived at the same composition; they obtained a salt free from 
alcohol by precipitating the aqueous solution with ether contain¬ 
ing very little alcohol. They call attention to the fact, that the salt 
containing alcohol can be preserved for a longer time without decom¬ 
position than the salt which is free from it.—Ludwig states that 
pcntathionic acid is likewise formed by the action of a warm 
aqueous solution of sulphurous acid on freshly prepared penta- 
sulphide of hydrogen. 

Kessler reminds us that Persoz had formerly obtained penta- 
thionic acid, by decomposing hyposulphite of lead with hydro- 
sulphuric acid, but had mistaken it for hyposulphurous acid. 

The same chemist has determined the specific gravity, and the 
composition of aqueous pentathionic acid; the following are his 
results: 


Spec. gray, at + 22 ®: 1-233 1-320 1-474 1-506 

Percentage of Sg O 5 ; 32-1 41-7 56-0 59-7 

lie has also subjected the reactions of tri-, tetra-, and pcntathionic 
acids, to a comparative examination. 

The ready decomposition of the aqueous solution of pentathionate 
of baryta with deposition of sulphur has been confirmed by Lenoir, 
Fordos and Gelis, Ludwig and Kessler. Fordos and Gelis 
found that the crystals which arc separated by alcohol at different 
periods of the decomposition, require less and less chlorine for the 
complete conversion of the sulphur into sulphuric acid, the farther 
the decomposition is advanced; the crystals contain at first BaO, 
Sg Og, with BaO, S 4 O 5 , then BaO, S 4 Og with BaO, S 3 O 5 , and at 
last only the latter salt. Ludwig found that by evaporating penta- 
thionates of potassa and baryta with an excess of pentathionic acid 
and allowing them to crystallize, salts are obtained which contain 
9 equivs. of sulphur and 10 equivs. of oxygen to 2 equivs. of base: 
2 KO, SgOio-f HO and 2BaO, Sg P,o-f -6 HO (in the preparation 
of the latter salt, BaO, S 4 05 - 4-2 HO crystallized out of the mother- 
liquor.) He considered these salts as compounds of a peculiar tetra- 
pentathionic acid. On adding aqueous pentathionic acid to an alco¬ 
holic solution of acetate of potassa, Kessler obtained a precipitate 
which, when dissolved in water (sulphur remaining behind) and treated 
with alcohol yielded crystals of KO, S4 Og. By mixing aqueous 
solutions of pentathionic acid and acetate of baryta, and adding 
alcohol, a precipitate was obtained which, when dissolved in water 
and reprecipitated by alcohol, was found to yield a salt (when dried 
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between blotting-paper) of tbe eomposition 2 BaO, S 9 OJQ + 7 IIO. 
Still Kessler docs not believe in the existence of tetrapentatbionates 
as peculiar salts, but considers them as mixtures of tetra- and pen- 
tathionates, which are, perhaps, capable of crystallizing together in 
all proportions. 

Selenium. —Schaffgotsch(l) has examined the spec. grav. of 
selenium. Rapidly cooled after fusion, this element gave (for 20^’) 
spec. grav. from 4*276 to, 4*286, as a mean 4*282; slowly cooled, 
4*796 to 4*805, as a mean 4*801; when precipitated in the state of a 
finely divided red powder, by means of sulphurous acid from aqueous 
selenious acid, 4*259; this precipitate, which blackened on heating, 
gave a spec. grav. of 4*264. 

Sacc(2) has made some experiments for the purpose of determining 
the equivalent of selenium. By converting a known quantity of 
selenium into selenious acid (by means of nitric acid) and deter¬ 
mining the increase in weight, he arrived at the numbers 40*0, 40*5, 
39*2, the last of which he considers to be the most correct, because 
the selenious acid obtained in the two first determinations had an 
odour of nitric acid. In determining how much selenium was pro¬ 
cured by reducing a known weight of selenious acid, he arrived at 
the numbers 39*2, 39*0, 39*5. He takes 39*2 as the mean. For 
controlling the above, he determined how much sulphate of baryta 
and selenium were formed by digesting at a gentle heat a weighed 
quantity of selenite of baryta with bisulphite of ammonia. A com¬ 
parison of these results with the numbers calculated according to the 
equivalent which he had adopted, appeai’ed to him satisfactory, 
alfhough discrepancies were exhibited amounting to nearly To-olhs of 
the weight. Cbncordant determinations of the quantities of sulphate 
of baryta formed by the decomposition of the sel^pite, led to the 
equivalent 39*3; the analysis of the silver-salt, conducted in the 
same way, gave 39*6 and 39*4. These numbers arc stated to be 
somewhat too high, because some metallic silver was mixed with the 
sulphate of silver. The decomposition of selenite of lead, by means 
of sulphuric acid, was not complete. He adopted the equivalent 
39*3; according to the determination of Berzelius it is 39*5. 

Selenite of Soda. —A solution of selenious acid, saturated with 
carbonate of soda, yielded crystals when evaporated in vacuo to the 


(1) Berl. Acad. Bcr. Nov. 1847; J* Vr, Chem. XLTII, 308; Ann. Ch. Pharra. 
LXYIII, 247; Instit. 1848,168. 

(2) Ann. Ch. Phya. [3] XXI, 119} J. Pr. Chem. XLII, 329; J. Pharra. [.3] 
XII, 442. 
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consistency of a syrup. Dried at 90® and analysed, this* salt was 
found to contain 3 equivalents of selenious acid to 2 of soda. 

Chloride of Selenium. —Sacc(l) has likewise made an analysis of 
the liquid subchloride of selenium ; he acknowledges for this com¬ 
pound the formula Scg Cl, found by Berzelius, although his own 
analyses do not agree with it. 

Iodine. —^Von dev Mark(2) has found iodine in the Jungerman- 
ma albicans L. Both bromine and iodine have been discovered in 
Silesian coals, by Duflo8(3).—In order to obtain iodine from the 
most dilute solutions, Fersoz(4) recommends to pass sulphurous acid 
into the liquid until it smells strongly of the gas, to add sulphate 
of protoxide of copper and bisulphite of soda, when a precipitate of 
subiodide of copper is immediately formed, which is decomposed in 
the usual manner. 

The presence of iodide of cyanogen in commereial iodine has been 
observed by Scaiilan(5), and by F. Meyer(6). 

iodide of Potassium.— Seleniate of potassa is stated to have been 
detected in commercial iodide of potassium by Trez(7); the presence 
of iodate of potassa in iodide of potassium has been discussed by 
Lcpage(8) and Leroy(9); that of bromide of potassium by Moul- 
lard(lO). 

Die 8 el(ll) has made experiments upon the deportment of iodide 
of potassium with sulphuric acid; he found that iodide of potassium 
which was perfectly free from sulphide, when acted upon by concen¬ 
trated sulphuric acid, evolved not only, sulphurous acid but likewise 
hydrosulphuric acidj this, however, did not occur by the action of 
dilute acid j hydrosidphuiic acid was also evolved by the action of 
hydrochloric acid, containing sulphuric, upon iodide of potassium. 
Wackenroder(l2) corroborates these statements regarding the action 
of sulphuric acid; according to his observations, sulphurous acid does 
not apparently decompose iodide of potassium j the smallest admixture 
of sulphide in iodide of potassium, he states, may be easily detected 


(1) Ann. Ch. Phys. [3] XXIII, 124; J. Pr. Chem. XLV, 94. 

(2) Arch. Pharm. [2] LI, 154. 

(3) Arch. Pharm. [2] XLIX, 29. 

(4) J. Pharm. [3] XII, 105; J. Pr. Chem. XLII, 346. 

(5) Chem. Soc. Mem. Ill, 321. 

(6) Arch. Pharm. [2] LI, 29. 

(7) Phil. Mag. [3] XXXII, 397; J. Chim. M^d. [3] IV, 201.. * 

(8) J. Chim. MM. [3] IV, 587. ' (11) Arch. Pharm. [2] XLIX, 272, 

(9) Ibid. [3] IV, 589. (12) Ibid. [2] XLIX, 275. 

(10) Ibid. [3] III, 591. 
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KJfuS protochloridc of tin, by the evolution of hydrosulphuric 

acid. 

Bromine. —Posclgcr(l) has observed that in the distillation of 
commercial bromine, towards the end of the operation, the boiling 
point rose to 120*^; from the last portion of the distillate bromide ot 
carbon (found 6*7 to 7*1 carbon to 91*8 bromine, calculated 7 to 
93), separated on addition oi^ caustic potassa, as a sweet, colourless, 
aromatic and highly refractive fluid, of a spec. grav. 2'43G, boiling 
at 120®, and not solidifying at —25®. This fluid is incombustible, 
only slightly soluble in water, but miscible with alcohol, ether and 
bromine in all proportions; it is not decomposed by strong sul¬ 
phuric and nitric acids. 

Chlorine. Chlorous Aciii.— According to dc Vry(2), chlorous 
acid (CIO3), mixed wj^h carbonic acid, is prepared easily and with¬ 
out danger, by boiling the solution of chloric and tartaric acids, 
which is obtained after mixing equal equivalents of chlorate of 
potassa and tartaric acid and crystallization of the double salt of 
chlorate and tartrate of potassa. 

Chloric Add.— For the preparation of chlorate of baryta, equal 
equivalents of chlorate of potassa and bitartratc of ammonia (122‘() of 
the former to 167 of the latter) arc recommended by L. ThoTnpson(3) 
to be dissolved in the smallest possible quantity of boiling water; 
after the bitartrate of potassa has crystallized out, the fluid is to be 
mixed with an equal volume of alcohol. The filtered solution of 
chlorate of ammonia is now decomposed by digestion with freshly 
precipitated carbonate of baryta and the filtrate allowed to crystal¬ 
lize. Chlorate of strontia and lime may be prepared in a similar 

manner. ^ 

■# 

Chloride of Umc.— Menc(4) suggests as an improvement in the 
preparation of chloride of lime, the repeated tre.atment of 
slacked lime with chlorine-water.—^Ba8tick(5) has described the 
action of chloride of lime upon sugar, starch, cotton-wool, &c.; 
when free lime is present, formiate of lime is produced, while, if it be 
absent, carbonic acid is formed. The action upon a solution of 
sugar is exceedingly violent; chloride of lime containing free lime, 
forms, with a solution of glue, formiate of lime and ammonia. 


(1) Pogg. Ann. LXXI, 297. 

(2) Ann. Ch. Phartn. LXI, 248. 

(3) Phil. Mag. [3] XXXI, 510} J. Pr. Chem. KLIII, 73; J. Pham. [3] XIV, 07. 

(4) Corapt. Rend. XXV, 747. 

(1 Pham. J. Trans. VII, 467; J. Pharm. [3] XIV, 20. 
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Flnorlnc. Hydrofluoric Acid — According to Louyet(l) the 
liquid hydrofluoric acid, which has been considered as anhydrous, ricncid. 
still contains water. He states that it requires less base for neutra¬ 
lization than is necessary on the former assumption. By the * 
distillation of fluor-spar with sulphuric acid, previously heated to 
ebullition, the product being conducted over anhydrous phosphoric 
acid, no liquid was condensed in the receiver surrounded by a 
frigorific mixture, the phosphoric acid, however, deliquesced. Louyet 
concludes that anhydrous hydrofluoric acid is a gaseous body at 
—12*’ under ordinary atmospheric pressure. 

Nitrogen. Protoxide of Nltronrcn.— According to Gay Lussac(2) 
protoxide of nitrogen is evolved in a state of purity by the action of 
jirotochloridc of tin upon aqua regia ; the evolution is most uniform, 
if crystals of nitre or cylinders of fusedj nitre are gradually 
introduced through a wide tube dipping into a solution of pro- 
tochloridc of tin in hydrochloric acid, which is heated in a water- 
bath. 

Duma8(3) has described some properties of liquified protoxide of 
nitrogen which he had prepared by means of Nattcrer^s apparatils. 

When slowly evaporating in open vessels, the introduction of small 
pieces of metal causes a hissing similar to that of red-hot iron 
in water; mercury immediately solidifies in it; potassium, sulphur, 
phosphorus, iodine, and carbon float upon it without change. IgnitecI 
charcoal is rapidly burned; common sulphuric and nitric acids are 
readily solidified, as also water, which gives rise to such powerful 
evaporation that explosions sometimes occur. Alcohol and ether may 
be mixed with protoxide of nitrogen without being solidified. 

ninoxide of Nitrogren.— According to the observations of Felouze 
and Gay Lu8sac(4), binoxidc of nitrogen is conveniently prepared 
ill the same manifer as the protoxide, by substituting protochloride of 
iron for protochloride of tin, 

Dinoxlde of Nitrogen and Nitrons Acid. —According to Schon- 
bcin(5) nitrites of protoxide of lead and of protoxide of manganese 
are formed by the action of binoxidc of nitrogen ujion finely divided 
binoxides of lead and manganese suspended in water. Binoxide of 
nitrogen produces with protoxide of silver, under the same circum- 

(1) Compt. Rend.-XXIV, 431. 

(2) Ann. Ch. Phys. [3] XXIII, 229. 

(3) Compt. Rend. XXVII, 463; Instit. 1848, 350; J. PJiarm. [3] XIV, 411; Ann. 

Ch. Pharra. LXVTII, 224; J. Pr. Cheni. XLVl, 110. 

(4) Ann. Ch. Phys. [3] XXITI, 216. 

(.5) J. Pr. Chcni. XLl, 225. 
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stances, nitrite of protoxide of silver, a portion of the metal being 
reduced } with teroxide of gold, nitric acid and metallic gold; with 
binoxidc of hydrogen, nitric acid j with iodine or bromine, hydriodic 
or hydrobromic and nitric acids, but only in limited quantity, both 
products decomposing each other when highly concentrated.—^Accord¬ 
ing to Schbnbein(l) aqueous solutions of nitrites are converted 
into nitrates by oxidized water, ozone, bromine and chlorine, and 
probably also by binoxidc of lead and manganese. 

Nitrites. —N. W. Fischer(2) has published observations upon the 
preparation and qualitative deportment of some nitrites. Nitrite of 
potassa, forming indistinct and deliquescent crystals, is prepared by 
fusing nitre, dissolving the mass in water, allowing the nitre to 
crystallize out, neutralizing with dilute acetic acid, adding spirit 
of wine, and crystalfizing the aqueous layer which is formed 
in vacuo. Nitrite of soda prepared in a similar manner deliquesces 
less readily. The baryta-salt (obtained by fusing the nitrate, pre¬ 
cipitating the free baryta by carbonic acid and the nitrate by 
addition of alcohol to a concentrated aqueous solution, and crys- 
t^lizing), is stated to assume two different forms; regular hexagonal 
needle-shaped prisms and thick rhombic columns of 71it is very 
soluble in water and in spirit of wine, and is not altered by the air. 
The strontia-salt (prepared like the baryta-salt) deliquesces slowly in 
moist air. The lime-salt (which is best prepared by decomposing the 
silver-salt with lime-water) crystallizes in prisms, deliquescent in the 
air, and insoluble in absolute alcohol. The ammonia-salt (prepared by 
decomposing the silver-salt with chloride of ammonium) forms needle- 
shaped crystals, stable in the atmosphere and readily decomposed by 
a gentle heat (vMe infra). The magnesia-salt (piigpared by boiling 
the silver-salt with magnesia) forms a leafy deliquescent mass, inso¬ 
luble in absolute alcohol and. readily decomposed by heat. Nitrite 
of silver (prepared by decomposing nitrate of silver with one-of the 
above salts) forms a white hair-like powder or yellow fibrous crystals, 
prisms of 59”, soluble at the ordinary temperature in 300 parts of 
water, and readily dissolving at the boiling heat {vide infra). Double 
salts with potassa are produced by mixing solutions of metallic 
nitrites with nitrite of potassa (the latter being in excess). 
Nitrite of protoxide of silver and potassa crystallizes in plates and 
prisms; it is somewhat yellow and permanent in the air, decom- 

(1) J. Pr. Chem. XLI, 227. 

(2) Pogg, Ann. LXXIV, 115} *Ann. Ch. Pharm. LXVIII, 224 (in abstr.)} J. Pr. 
Cii in. XLVI, 318. 



NITROGEN. 


293 


posing when slightly heated. Nitrite of protoxide of palladium and 
potassa forms yellow (in one experiment red) crystals. Nitrite of 
lead and potassa forms orange-yellow, six-sided monoclinometric 
crystals. Nitrite of protoxide of nickel and potassa forms brownish- 
red octohedrons; nitrite of protoxide of cobalt and potassa a 
yellowish powder. 

Nitrite of Ammonia.— Millon(l) has observed, that an aqueous 
solution of nitrite of ammonia is decomposed by ebullition into water 
and nitrogen gas, especially if a drop of hydrochloric, sulphuric, or 
nitric acid be added ; on the other hand, addition of ammonia pre¬ 
vents the decomposition. He obtains nitrite of ammonia by passing 
the vapour disengaged in the distillation of nitrate of lead through a 
solution of ammonia placed in a freezing mixture; the solution 
being evaporated over caustic lime in an |itmosphere containing 
ammonia, this salt crystallizes first. 

Nitrite of Protoxide of Lead. —Nicklfes(2) has investigated the 
neutral nitrite of protoxide of lead, which presents the same crys¬ 
talline form as the nitrate, (regular octohedron), and crystallizes with 
it. lie found in the first 5*82 to 5’87 percent of water; PbO, NO 3 
-I- no requires 5*47, He compares the formula of both salts thus : 

N®*}, PbO ; N 3‘}.PbO. 

Nitrite of Protoxide of Silver.— According to Persoz(3) nitrate of 
protoxide of silver evolves oxygen even below redness, being partially 
converted into the nitrite. The latter is stated to be readily decom¬ 
posed at a higher temperature, unless nitrate be still present; the 
decomposition may likewise be prevented by the addition of nitrate 
of potassa or soda. For the preparation of nitrite of silver, he 
recommends to heat equal parts of nitrate of silver and nitrate of 
potassa; from the hot aqueous solution the nitrite of silver will be 
deposited in crystals. This salt AgO, NO 3 forms fine needles, 
very slightly soluble in cold water. 

Nitric Add. —Kuhlmann(4) has adduced several new arguments 
for the production of nitric acid from ammonia by the action of 


(1) Ann. Ch. Phys. [3] XIX, 255} Ann. Ch. Phann. LXIV, 232; J. Pr. Chem. 
XL, 369. 

(2) Compt. Rend. XXVII, 244; J. Pr. Chem. XLV, 374. 

(3) Ann. Ch. Phys. [3] XXIII, 48; Ann. Ch, Pharra. LXV, 177} J. Pr, Chem. 
XLV, 98. 

(4) Ann. Ch. Phys. [3] XX, 223 j J. Pr. Chem. XLI, 289; Ann. Ch. Pharm. 
LXIV, 233. 
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uascent oxygen. Nitric acid is liberated by the actibn of sulphate of 
ammonia and sulphuric acid upon bichromate of potassa^ binoxidc of 
manganese, binoxidc of lead or minium, or biuoxide of barium, lly 
heating sulphate of ammonia with either chlorate or nitrate of 
potassa, the ammonia is completely converted into nitrous acid. 

Mohr(l), VV’ackcnroder(2), and Wittstcin(3) have interchanged 
their views and experience regarding the best method of preparing 
nitric acid free from hydrochloric, whether by precipitation with 
silver, or by fractional distillation. 

A. Smith( l>) has communicated an investigation on the hydrates 
of nitric acid. By passing hot dry air through strong fuming 
acid he obtained a liquid of spec. grav. 1‘503, which contained 
81*56 percent NOg. It commenced to boil at 88*^, the temperature 
rising during the distillation to 121^*, when a liquid remained in the 
retort containing 63*11 percent NOg. The distillate between 88^ and 
93", of a strong red colour, contained 84*96 percent; this portioji 
when decolorized by a current of hot air exhibited a spec. grav. 
1*616 at 15"*5. Its boiling point was found to be 84"’4, nearly 
all distilling between this temperature and 86"*7; it contained 
84*54 percent NOg. The first portion of the distillate which came 
over in the preparation of this acid had, after decolori/ation, similar 
properties (spec. grav. 1*517 at 15"*5, boiling point 84"4) and contained 
84*74 percent of NOg (NOg + HO requiring 85*7); when diluted with 
water so as to produce an acid of the formula N 05 + 2H0ithad 
a spec, grav, at 15"*5 of 1*486, but no constant boiling point. The 
acid NOg 4-4110 prepared by farther dilution had a spec. grav. 
of 1*424 at 15"*5, and distilled unchanged at 121", the boiling 
point rising towards the end of the operation to 127". Dilute 
acid, when heated until the boiling point was ^'ationary at 121", 
exhibited a spec. grav. of ] *412. 

Acuon of Hyarosuliitaurlc Acid upon Nitric Add.— Leconte(5) has 
described the action of hydrosulphuric acid upon pure aqueous nitric 
acid of a spec. grav. of 1*33 (36"). His experiments contribute but 
little to what is already known upon this subject. The separated 
sulphur he found to be soft, similar to that which has been sud- 


(1) Arch. Pharm. [2] XLIX, 25, L. 19. 

(2) Arch. Pliarm. [2] L, 23. 

(3) Report. I’hai'm. [3] 1, 44. 

(4) Chcin. Sor. Mem. Ill, 399; Hil. Mag. [3] XXXI, 454. 

(5) Anil. Ch. Phys. [3] XXI, 180; Ann. Ch. Pharui. LXIV, 233; J. Pr. t hem 
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dcnly cooled after fusion ; the evolved gas consisted of binoxide 
of nitrogen and hyponitric acid, which, after some time, was re¬ 
placed by undccomposed hydrosulphuric acid. He confirms the 
formation of sulphate of ammonia. Hyponitric acid produces with 
hydrosulphuric acid, sulphur, water and binoxide of nitrogen; 
hydi’osulphuric acid and binoxide of nitrogen do not act upon edch 
other in the dry state. 

suipho-nitric Aeia.— Schonbein(l) has investigated the deport¬ 
ment of sulpho-nitric acid (a mixture of sulphuric and hydrated 
nitric acids) with sulphur, selenium, phosphorus and iodine. Sul¬ 
phur or selenium are converted into sulphurous or sclenious acid 
even in the cold; phosphorus into phosphoric acid and a small 
(juantity of phosphorous acid; the addition of water to the acid 
after its action upon sulphur, selenium or phosphorus, causes a 
copious evolution of binoxide of nitrogen; the same is observed 
also after its action upon iodine. Nitro-sulphuric acid dissolves 
the latter body without at first changing colour; but after a 
short time, a sulphur-yellow powder separates from it, which 
Schdiibciu believes to consist of iodic acid with an oxide of iodine 
and sulphuric acid. 

The action of a mixture of fuming nitric and sulphuric acids upon a 
number of organic compounds has been studied by Cahours(2); 
the results we shall communicate below, (vide anisic acid, benzoic 
acid, cuminic acid, mcsitilole g^'.d salicylate of oxide of methyl). 

Nitro-liyiirochlorlc Add (Aqu.Regia).— Gay-Lu8sac(3) has ptd)- 
lishcd an investigation on aqua regia. Moat chemists were of opinion 
that nitric and hydrochloric acids gave rise to the liberation of chlorine 
and nitrous or hyponitric acid, but in a separate state. E. Davy, how¬ 
ever, stated, as early as 1831, that chloride of sodium, acted on by nitric 
acid, evolved together with chlorine a peculiar gas consisting of equal 
volumes of binoxide of nitrogen and chlorine; and Baudrimont in 
1843 condensed, from the gaseous products of the action of nitric acid 
upon hydrochloric acid, a dark, reddish-brown liquid, of a spec. grav. 
1*368, boiling at —7®, having a density of vapour = 2*49 and the 


(1) Chem. Gaz. 1847, 229; Pogg. Ann. LXX, 87- 

(2) Ann. Cli. Phys. [3] XXV, 5 (complete); J. Pr. Chem. XLVT, 321; Compt. 
Ucnil. XXIV, 553 (partly and in abstr.); Ann. Ch. Pharm. LXIV, 396; LXIX, 230 j 
,1. Pr. Clicin. XLIII, 298. 

(3) Ann. Ch. Phys. [3] XXIII, 203; Ann. Ch. Pharm. LXVI, 213; J. pr. Chem. 
XLIV, 335; Compt. Uend. XXVI, 619 (in abstr.); Inrtit. 1848, 181; J. Pharm. [3] 
XIV, 92; Gerhardt’s Critical Remarks in Laurent's and Gerhardt's Compt. Rend, 
dos, Trav. Cliim. 1849, 37. 
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urocWOTiJs composition NO 3 Clj, to which he assigned the name chloro-nitric 
acid.—Gay-Lussac observed that aqua regia^ when heated in a 
water-bath, evolves a gaseous body, which, dried and exposed to a 
frigorific mixture, separates into chlorine and a dark lemon-yellow 
liquid, boiling at — 7^. This liquid contains the elements of 
binoxide of nitrogen and chlorine, the latter is entirely converted, by 
the action of water, into hydrochloric acid. Gay-Lussac found this 
yellow liquid to contain 69*4 and 69*5 percent of chlorine, the 
calculated quantity for the formula NOgCla being 70*2. In the 
gaseous state, this compound consists of equal volumes of binoxide 
of nitrogen and chlorine, it may be considered as hyponitric acid, in 
which two equivalents of oxygen are replaced by two equivalents of 
chlorine; hence, Gay-Lussac termed it acidc hypochloronitrique, 
hypochloronitric acid. 

Aqua regia, however, prepared under a variety of conditions, 
gives by no means always a condensable liquid of the adduced 
composition. In conjunction with it, and in variable quantity, 
a compound is formed which may likewise be obtained by mixing 
chlorine and binoxide of nitrogen. Both gases combine with 
diminution of volume, the mixture assuming an orange-yellow 
colour and condensing between —15® and — 20 ® to a dark reddish- 
brown liquid, which, however, contains according to Gay-Lussac, 
more chlorine than the pure compound. The composition of the latter 
was ascertained by Gay-Lussac, by determining the diminution of 
volume exhibited by chlorine and binoxide of nitrogen, when mixed in 
various proportions; he arrived at the conclusion that one volume of 
chlorine combines with two volumes of binoxide of nitrogen, giving 
rise to a compound NO 2 Cl. With reference tOg^he composition of 
nitrous acid, he calls it acide chloronitreux, chloronitrous acid. 

Now, the fluid which may be condensed from the vapour of aqua 
regia consists of a mixture, in variable proportions, of NOg CI 3 and 
the more volatile body NO^Cl; the difference in volatility, however, 
is too small to admit of perfect separation. The former fluid, when 
treated with water, gives rise to hydrochloric acid and the products of 
hyponitric acid with water; if NOgCl predominates, water disen¬ 
gages binoxide of nitrogen. The vapour of this fluid is absorbed by 
concentrated sulphuric acid, which assumes a greenish-yellow colour, 
chlorine and hydrochloric acid being evolved. 

Both of the above-named compounds, together with chlorine and 
water, are produced in the mutual reaction of the constituents of 
aqua regia, especially on application of heat. Gay-Lussac refutes 
he assertion of E. Davy and Baudrimont,'that the properties of 



NITROGEN. 


297 


aqua regia are due to its coutaining a compound of chlorine, 
nitrogen and oxygen, and eonfirms the generally received view, that 
its action depends upon the presence of free chlorine. From the 
vapour evolved in the action of aqua regia upon gold, a liquid may 
be condensed, which is nearly of the composition NO^Cl^, containing, 
however, no free chlorine. 

With aqua regia-silver, mercury and copper evolve binoxidc of 
nitrogen; arsenious acid, phosphorus and protochloride of iron act 
in a similar manner. Tin and the metals which decompose water 
dissolve in aqua regia, particularly if it contains a large proportion of 
hydrochloric acid, without evolution of gas, in consequence of the 
formation of ammonia. Frotochloride of tin evolves protoxide of 
nitrogen. 

Finally, Gay-Lussac proves that a mixture of hydrochloric and 
hyponitric acids also dissolves gold; Sir H. Davy(l) had asserted 
that gold remains intact in a mixture of hydrochloric and concen¬ 
trated nitric acids, saturated with binoxide of nitrogen. 

Atmospheric Air.— Rcgnault(2) has determined the weight of 
a litre of dry atmospheric air at 0® and under a pressure of 760™™ 
for Paris, at 1’393187 grm. Biot and Arago had previously found 
for it 1*299541 grm. According to this determination of Reg- 
nault's, and his experiments upon the densities of other gases 
weighed under the usual normal conditions, one litre of 
Nitrogen weighs 1*25^167 grpi. 

Oxygen „ 1*429802 „ 

Hydrogen „ 0*089578 „ 

Carbonic acid „ 1*977414 „ 

Doyere(3) announced that from the 1st of September to the 
20th of December, 1847, the volume of oxygen in the air of Paris 
fluctuated between 20*5 and 21*5 vol. percent. Regnault, by a 
number of determinations made from the 24th to the 31st of Decem¬ 
ber 1847(4), found it to vary between 20*90 and 21*00, in 
January, 1848(5), between 20*89 and 20*99 ; the results obtained in 
the analysis of air at various hours of the same day were found to 
oscillate between the same limits. Doyere(6) -still maintained that 
fluctuations between 20*5 and 21*2 occurred; the insufficiency 

(1) Ann. Phys. [2] 1,327. 

(2) Relation, &c. (see p. 52), 151; Pogg. Ann. LXXIV, 202. 

(3) Compt. Rend. XXV, 928. 

(4) Ibid. XXVI, 11, 156; Ann. Ch. Pliarm. LXVIII, 221. 

(5) Ibid. 155; J. Pr. Chcin. XLIV, 49. 

(6) Compt, Rend. XXVI, 193. 
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of the arguments adduced has bccu again pointed out by Beg- 
nault(l). 

R. F. Marcha<ld(2) found the quantity of oxygen in the air in 
ten experiments to vary from 20'90 to 21*03, the mean being 
20*97 vol. percent; the quantity of carbonic acid, as the mean 
of 150 experiments, he found in the proportion of 3*1 to 10000 
volumes of air. 

Respecting the presence of ammonia in the atmosphere, compare 
page 299. 

R. A. Sraith(3) states that he has found in water, through which 
expired air had been passed, sulphuric acid, chlorine and an organic 
substance similar to impure albumen; he states that the deteriora¬ 
tion of air in places whe^e many persons arc confined, depends on 
the presence of this organic compound. Tie discusses, moreover, 
the contamination of the atmosphere by putrefactive processes. 

Ammonia.— Kuhlraann(4) has pointed out several instances in 
which nitric acid is converted into ammonia; this conversion occurs 
in the following reactions, viz., of dilute sulphuric acid and zinc upon 
nitrate of potassa, (instead of employing sulphuric acid and zinc, 
hydrochloric acid and iron may be used); of dilute sulphuric acid (or 
hydrochloric acid) and sulphide of iron (or tcrsulphide of antimony) 
upon a nitrate, when sulphur is deposited; of hydrochloric acid 
and zinc upon the nitrate of a metallic oxide, the metal of which 
is precipitated by zinc (f. i. copper); of a solution of tersiilphidc of 
af’senic in caustic potassa upon nitre at a gentle heat (slowly); of 
sulphuric acid upon a solution of nitre in sulphide of potassium, 
the former acid being added gradually in excess, likewise slowly; of 
a weak solution of nitrate of potassa upon hydaated protoxide of 
iron and of tin, when gently warmed; of hydrosulphuric acid upon a 
solution of terchloride of antimony, in presence of nitrate of potassa. 

Rcichenbach(5), in reply to the question whether the nitrogen of 
the atmosphere contributes to the formation of ammonia, calls to mind 
the fact that neither wood-charcoal alone nor carbonate of potassa, 
inaiJfliincd for a long time at a red heat, give rise to the formation of 
ammonia, while it is formed if both be mixed and heated with access of 
atmospheric air; he is of opinion that the production of ammonia in 

(1) Conipt. Rend. XXVI, 233. 

(2) J. Pr. Chem. XLIV, 24. 

(3) Phil. Mag. [3] XXX, 478; Instit. 1848, 379. 

(4) Ann. Ch. Phys. [3] XX, 223; J. Pr. Chem. XLI, 289; Aim. Gli. Pliariii. LXIV, 233. 

(5) Prom : Uerichte iiber rlic Mitthcilungcn von Frcundeti dcr Naturwisscnscliaftcii in 

n, f. 158, J. Pr. Chem. XLI, 56. 
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this case depends upon the previous formation of cyanide of potassium Ammoaia. 
and cyanatc of potassa, whicli are decomposed under the influence 
of vapour of water. 

Kcmp(l) has published some experiments upon the quantity of 
ammonia contained in.the atmosphere; he passed air through chloride 
of mercury, which absorbed the ammonia; 248'M) cubic inches 
(English) gave 1’8 milligrammes of ammonia. 

Dicariionate of Ammonia. —Bicarbonate of ammonia has been 
found in considerable quantity in a bed of guano on the western 
coast of Patagonia. This salt, which now occurs in commerce, has 
been examined by Ulcx( 2 ). It forms crystalline masses, presenting 
two directions of cleavage inclined at an angle of 112 ®; its specific 
gravity is 1*45 ; it has the composition NH 4 O, 2 CO 2 -I-HO. 

suivhate of Ammonia. —^The formula of crystallized sulphate of 
ammonia NII 4 O, SO 3 has been confirmed by Kuhn(3); according 
to theory it contains W’G percent of sulphuric acid, experiment gave 
59-7 

Double baits of Chloride of Ammonium. —Hautz(4) has investi¬ 
gated several double salts of chloride of ammonium with metallic 
chlorides of the magnesium scries. The magnesium double salt is 
obtained of constant composition only by adding «n excess of ammonia 
to a dilute solution of magnesia in hydrochloric acid; the liquid 
deposits large, colourless prisms of the rhombohedral system. The 
nickel double salt is obtained by mixing two parts of hydrochloric 
acid saturated with protoxide of nickel, with one j)art of hydro¬ 
chloric acid saturated with ammonia, and exposing to slow evapo¬ 
ration. It afiects the same form as the preceding salt. A cobalt- 
salt prepared in the same manner fomis ruby-red crystals belonging 
to the monoclinometric system. These three double salts are of cor¬ 
responding composition, namely, NH4CI, 2 Me Cl + 12 HO, in 
which Me = M^, Ni or Co. The magnesium-salt loses 4 HO at 
100®, the rest of its water at 135®. 

In the same manner the double salts with chlorides of rqgnga- 
nesc, zinc, and copper were obtained. They crystallize in thelBbno- 
clinonietric system. The manganese-^alt is of a pale-red colour, 
and dissolves in parts of water at the ordinary temperature; 
th(! zinc-salt is colourless and almost deliquescent; the copper- 
salt is blucish-green and soluble in two parts of water. Their com¬ 
position is represented by the formula NH 4 C 1 , 2 Me Cl+ 4 HO, 

(!) ('hem. fiaz. 184B, 99. (31 Aich. I’haim. [2} L, 281. 

(2) Anil. t’h. l*banii. LXVI, It. (t) Ann. Ch. Tlianu. LXVI, 280. 
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in which Me=Mii, Zn or Cu; the manganese-salt loses at 100“ 
3HO. From all these salts the total amount of water is expelled 
at 135®. % 

The zinc double salt NH^Cl, Zn Cl-f-HO, previously prepared, 
has been obtained and analyzed again by Hautz. 

Nitrate of Ammonia. —Townsend Harri 8 (l) has examined nitrate 
of ammonia, which had been crystallized at the ordinary tempera¬ 
ture or obtained by evaporation of a concentrated solution at 100 “. 
The salt had in both cases the same composition, NH 4 O, NOg. The 
crystalline form, however, appeared to be different. 100 parts by 
weight of water dissolve according to his experiments 185 of nitrate 
of ammonia at 10 “. 

Metals In greneral. Alloys.— Crookcwitt(2) has examined the 
proportions in which metals can combine chemically among themselves. 
By amalgamation and straining through chamois leather, he obtained 
crystalline metallic compounds, which a^iproachcd nearest to. the for¬ 
mulae Au Hg 4 (spec, grav. 15*412), Bi Hg (10*45), Fb Ilg (11*93), 
Cdg Hgg (12*615). With potassium he obtained two amalgams, 
K HggQ and K Hgog, with silver (by bringing mercury in contact 
with a solution of nitrate of silver), according to the quantity of 
mercury employed, Agg Hg^g, AgHg^, Ag Hgg, Ag llg 4 ; with zinc 
an amalgam, containing 29*4 percent of zinc. He prepared like¬ 
wise other alloys and determined their specific gravities. 

Cuj Sqj 7*652 CU 3 Zrig 7*939 Sn Zn, 7*096 Sn Pb, 9*966 

Cu Sn 8 07» CU 3 Z 1128 224 Cu‘Pb“ 10*375 Sn Zn 7*115 Sn Pb 9*394 

CUsSn 8*512 Cu, Zn 8*392 Sn, Zn 7*235 Sn, Pb 9*025 

Hydrides of Metals. —Poggcndorff(3) has shown that the black 
precipitate, produced under certain circum 8 tanccs,^in-a solution of 
silver at the negative pole of a voltaic battery, is not a combination 
of silver with hydrogen, but merely silver in an exceedingly fine 
state of division. The precipitate obtained from solutions of bismuth, 
antimony or tellurium is likewise only finely divided metal: it is 
only from a slightly acid solution of sulphate of protoxide of copper, 
8 ub||||«d to a current of moderate strength, that a blackish-brown 
hydride of copper is deposited at the negative pole, disengaging 
hydrogen after the current is interrupted. 


( 1 ) Compt. Rend. XXIV, 816; J. Pr. Chem. XLI, 345. 

(2) Specimen chcmicum de coujunctionibus chcmicis metallorum; Amstelodami 1848 
(also under the title: “ Verhandeing over scheikundige metaal.verbindingeir') J. Pr. 
Chem. XLV, 87 (in abstr.); Ann. Ch. Phami. LXVIII, 289. 

(3) Pogg. Ann. LXXV, 337 ; J. Pr. Chem. XLV, 65 ; Deri. Acad. Bcr., Juui 1848; 
Instit. 1848, 303. 
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PotaHHlatn. Sulphate of Potasea. —^Pasteur(l) has confirmed 
the fact known previously, that the form of crystals of sulphate sulphate 
of potassa is mostly compound, and that this bedimes manifest by 
their optical comportment. 

Sodium. Chloride of Sodium. —^According to K. Wagner(2) alcohol 
of 75° percent by weight, dissolves at 14° 0’661, at 15°’35 0*700, 
at 38° 0*736, at 71°*5 1*033 percent of chloride of sodium; alcohol 
of 95*5 percent dissolves at 15° 0*174, at 77°*25 0*171. 

Lithium. —Rammclsberg(3) has found by many variedj^experi- 
ments, that sulphate of lithia gives no double salt (lithia-alum) , 
with sulphate of alumina, neither does it form any with sulphates 
of magnesia or the protoxides of zinc, copper, nickel, cobalt, 
manganese, or iron. 

Barium. — Berzelius had found for the atomic weight of 
barium, 68*39, Pelouzc, at a later period, 68*64. Marignac(4) 
has, like Pelouze, endeavoured to determine it, by ascertaining 
how much silver is precipitated from a solution by a known weight 
of chloride of barium; he obtained the number 68*54. 

Calcium. Lime. —^Witt8tein(5) has found that one part by 
weight of lime is soluble in 729 to 733 of water at the common tem¬ 
perature, and in 1310 to 1569 of boiling water; likewise that the 
deposit formed on exposure of lime-water to the air is really CaO, 

CO^. 

hniviiatc of Lime. —Millon(. 6 ) has stated that sulphate of lime 
obtained by precipitation, as likewise ignited and moistlhed gypsum 
(CaO, SO 3+2 HO), loses three-fourths of its water at 80° to 85°, 

(about 15 percent.), whilst with the native gypsum and that 
artificially crystallized (from hydrochloric acid), this takes place 
only at 105° to 110°; the compound 2 (CaO, 803 )+HO being 
formefl. The remaining fourth of the water is expelled from gyp¬ 
sum only at 200° to 300°. Plessy(7), on the other hand, stated 
that native as well as artificially crystallized gypsum, when heated 
in a current of hydrogen to 110°—115°, give off their whole 
amount of water; that gypsum heated in the open a* to 
110°—115°, loses 15 percent, about three-fourths of its water; and 

(1) Compt. Rend. XXVI, 304} J. Pham. [3] XIV, 380. 

(2) J. Fr. Chem. XL, 448. 

(3) Berl. Acad. Ber., Nov. 1848,385. 

(4) Arch. Ph. Nat. VIII, 269; Ann. Ch. Pham. LXVIIl, 212. 

(5) Repert. Pham. [3] 1,182. 

(6) Ann. Ch. Phys. [3] XIX, 222} J. Pr. Chem. XL, 363; PhU. Maj. [3] XXX, 299. 

(7) Compt. Rend. XXIV, 658. 
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ofSme? ® pause CTisues ill the diminution of the water; 

that at 130” to 140”, however, 3 percent more of water are disen¬ 
gaged ; that at 200” to 250” the gypsum becomes anhydrous, and 
that anhydrous gypsum also takes up again its whole amount of 
water of crystallization. Plcssy doubted*whether a definite com¬ 
pound 2 (Ca 0 ,S 03 )-H HO was formed, as stated by Mill on j the 
latter, on the contrary(1), did not believe that Plcssy^s experi¬ 
ments established a contradiction of his views; upon which 
Ple8sy(2) has shown more accurately, that according to his ex- 
perime^its crystallized gypsum loses water at as low a temperatnre 
as 95”—100”, and that at 110” 17—19 percent are expelled, 
being therefore more than should escape in the formation of the 
compound 2 (CaO, SO,) H- ITO, assumed by Millon. 

Masnesium. —Schecrcr(3), by determining the amount of sul¬ 
phate of baryta obtained by the decomposition of a weighed quantity of 
pure sulphate of magnesia, had found the equivalent of magnesium, as 
an average of six experiments, to be = 20*08. On being reminded by 
Berzelius, that the sulphate of baryta might still have contained 
sulphate of magnesia, he repeated the experiment, and found Ber¬ 
zelius' conjecture confirmed. Having made the necessary correction 
in his former experiments for this source of error, he now (4) esti¬ 
mates the equivalent of magnesium at 20*11.—Svanberg and Nor- 
dcnfcldt(5) have determined how much magnesia is obtained from 
a known amount of oxalate of magnesia (MgO; ^ HO), and 

how much sulphate of magnesia from a known weight of magnesia; as 
the mean of several experiments they found the equivalent to be 
20*35 by the first method and 20*37 by the second. 

Maflrnesia.—^Thc spec. grav. of anhydrous m^nesia has been 
determined by H. Ilose(6); he found the spec. grav. of a specimen, 
which had been subjected to the heat of a porcelain-furnace, 'to be 
3*65, closely a^eeing with the number (3*75), found by Scacchi 
for periklase (MgO with a little PeO). 

Sulpiittto of Mawnesia and Soda. —Miller(7) states, that the crys- 
tallifie form of sulphate of magnesia and soda is monoclinomctric; 
the crystals examined by him did not admit of a more accurate 
determination. 

(1) Compt. Rend. XXIV, 695. (4) Pogg. Ann. LXX, 407. 

(2) Ibid. 812. (5) J. Pr. Chem. XLV, 473. 

(3) Pogg. Ann. LXIX, 535. 

(6) Ibid. LXXIV, 437; J. Pr. Chem. XLIV, 229; Deri. Acad. Her., April, 1848; 
Instit. 1848, 369. 

n) Chem. Soc. Mem. Ill, 391; Phil. Mag. [3] XXXI, 540. 
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Nitrate of Magnesia. —For the preparation of the compound of nitrate Niijate 
of magnesia and alcohol, Einbrodt(l) dissolved the nitrate of rangncBia 
magnesia, containing 6 equivalents of water, in nearly absolute 
alcohol, and obtained from this solution crystals, which, after the 
lapse of two years, had changed to a yellowish layer of a concentrated 
aqueous solution and tufts of acicular crystals. The latter contained 
an amount of magnesia corresponding to MgO, NO 5 4- 6 HO, they 
were, however, of a square prismatic form, and not deliquescent. 

Cerium. —Marignac(2) determined the equivalent of cerium, by 
ascertaining the quantity of chloride of barium necessary for the 
exact decomposition of a known amount of sulphate of protoxide of 
cerium, and found the number 47*26. Beringcr had found 46*16, 
Rammelsberg 45*8, Hermann 46*0. 

Marignac makes some other statements with reference to cerium. 

For the preparation of the mixture of oxides of cerium, lanthanium 
and didymium, he recommends to triturate the powdered cerite with 
sulphuric acid to a thick paste, to expose the resulting dry powder 
in an earthen crucible for a lengthened period to a heat just below 
redness, and to introduce the cooled mass very gradually into cold 
water, in which the sulphates of the above oxides dissolve. In sepa¬ 
rating sesquioxide of cerium according to Mosander^s method, by 
means of nitric acid, Marignac found it necessary that no sulphuric 
acid should be present. The oxide obtained by ignition of the nitrate 
has approximately % composition 3 CcO, 2 Ccg O 3 ; when heated 
with sulphuric acid it yields a yellow sulphate of proto-sesquioxide of 
cerium, soluble in water, in the presence of excess of sulphuric or of 
nitric acid, to a dark reddish-yellow fluid, from which it may be repre- 
cipitated as a yellow powder by much water; dried at 100 ° it has the 
composition 3 CcO, 2 CegOg, 4 SO 3 , 7 IIO; on account of its insolu¬ 
bility it is adapted for the preparation of pure combinations of cerium. 
Sulphate of protoxide of cerium crystallizes, by a gradual evaporation 
of its aqueous solution, in rhombic pyramids with edges of 114° 12' 
and 111° 10', to which a more acute'pyramid with edges of 99° 48' 
and 95° 48' is often seen attached. 

Beryiiinm. Beryiia.^ —H. Rose(3) has determined the specifle 
gravity of berylla; after being heated to redness over a spirit-lamp, 
it gave 3*09 to 3*08; subjected to the heat of a porcelain-furnace. 


(1) Ann. Ch. Phann. LXV, 115 j J. Pr. Chein. XLVI, 165; Chem. Gaz. 1848, 85. 

(2) Arch. Ph. Nat. VllI, 265 ; Ann. Ch. Pharm. LXVIII, 212. 

(3) Pogg. Ann. LXXIV, 433; J. Pr. Chem. XLIV, 228 ; Berl. Acad. Ber. April, 1848; 
InsUt. 1848, 368. 
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it had the spec. grav. 3*02 to 3’03. U. Rose prefers Berzeliuses 
opinion respecting the equivalent of berylla, according to which, 
berylla is expressed by Bc^Og, to the view which assumes the com¬ 
position BeO, because with the former assumption, the specific 
volume of berylla is found to be very nearly equal to that of 
alumina. 

Aiuminuni. Aiamina. —H. Rose(l) has likewise determined the 
spec. grav. of alumina. When ignited over a spirit-lamp, it was found 
to be 3*87 to 3*90; when exposed to the heat of a wind-furnace for 
six hours, 3'75 to 3 725; when heated in a porcelain-furnace, it was 
3‘999. This agrees with the spec. grav. of native ciystall ized 
alumina, which is 4'0, according j;o Schaffgotsch^s later experi¬ 
ments, both in ruby and sapphire. Corundum gave rather lower 
numbers, 3*90 to 3’97. 

R. Phillip s(2) has observed that hydrate of alumina, kept moist 
after precipitation or preserved under water, becomes difficultly 
soluble in acids after a few days. 

Of an investigation by Jacquelaiii on alum, only the conclusions 
of the author have as yet been published(3). Reserving further 
details until we are in possession of the complete research, we will 
only mention here, that he believes he has found alum to contain 
only 22 atoms of water. Jacquelain admits sulphate of alumina 
to contain only 16 atoms of water.' 

GeVhardt(4) defends the formula general^ adopted for alum. 
Without regarding the earlier observations of Geiger, Graham, and 
Hertwig on the action of heat and sulphuric acid on this double 
salt, he states that alum, when crystallized, lost ^ths of its water at 
120®, without becoming insoluble in this liquid, which it did, how¬ 
ever, when exposed to ^00®; this insoluble (anhydrous) alum could 
be likewise prepared.by the actidh of concentrated sulphuric acid 
with the aid of h^ on crystallized alum'; if permitted to remain in 
contact with,water eight or ten it was reconverted into the 
soluble alum. 

" On the non-existence of lithia-alum,^^ see p. 266. 

SHlciinn.—^Pierre(5) has endeavoured to determine the.equivalent 

« 

(1) Fogg. Ana. LXXIV, 430 ; 3. pr. Chem. XLIV, 226; Berl. Acad. Ber., April, 
1848; Instit. 1848,368. 

(2) Chem. Gaz. 1848,349. (3) Compt. Rend. XXIV, 441. 

(4) J. Pham. [3] XII, 65.. 

(5) Compt. Rend. XXyi, 523; Phil. Mag. [3] XXXIII, 162; comp1et% Ann. Ch. 
Phys. [3] XXIV, 286; Laurent and Gerhardt’a Compt. Rend, dcs Trav. Chim. 
1‘’49, 170 (in abatr.). 
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of silicium and the formulae of its compounds; he expects to arrive at 
the decision of these questions by the study of substitution-products 
of double chlorides, and of ether- and amidogen-compounds. As yet 
only the first part of his investigation has been published. Pierre here 
gives some general statements respecting the action of hydrosulphuric 
acid on the terchloride of silicium (Si CI3) ; he remarks that the chlorine 
of this compound may be replaced partially or completely by sulphur; 
in addition to the compound Si S Cl^ (see p. 306), which is easily 
isolated, Si S^ Cl might probably “^exist; Si S 3 could be obtained in 
the state of purity (as a residue .)f the distillation of crude sulphobi- 
chloridc of silicium. Si SGlg) Pierre shows that the formulae for 
these compounds appear in the most simple form if the expression 
Si CI 3 be adopted for terchloride of silicium, (when that of silicic acid 
will become Si O3), that, on the contrary, they become exceedingly 
complicated, if the formulae Si Cl and Si O, or Si Clg and Si Og, be 
adopted for chloride of silicium and silicic acid. 

According to H. Kopp(l),, the greater probability of the formulae 
Si O 3 for silica. Si CI 3 Wid Si Br 3 for chloride and bromide of 
silicium, is supported also by the fact that the two last substances 
present that difference in their boiling points, which would occur 
between compounds containing three equivalents of bromine in the 
place of chlorine (comp. p. 71),. \ 

siucio Add.— I)overi(2) has Published some observations on 
silica, in which butvfew new fact^ arc mentioned. He states, that 
on the addition of an acid to a solu^n of an alkaline silicate, more 
silica remains dissolved if the acid Qe added at once, than^ if ft be 
poured in gradually, and more oh emmoying a dilute than a concen¬ 
trated solution; that an alkaline.bicarbonate and carbonic acid 
precipitate silicic acid froid an alhalin\ silicateT in the gelatinous 
state, and that the same precipitate is Aoducbd by sulphurous tmd 
other weak acids. This ^latinous precipijtate seems to dissolve on 
addition of water; this is, however, only apparently the case, as it 
merely becomes transparent, and may be separated from Hie water by 
filtration. Precisely the same is observed with fhe jelly of silicic 
acid, produced by the precipitation of terfluoi^de of silicium' with 
water, on treatment with hydrochloric acid. Silicic acid separated in 
the presence of water and dried at the conimon temperature, whether 

(1) Ann Ch. Phartn. LXVII, 356; J. Phsrm. [3] XV,' 226; Laurent and Ger- 
bardt's Gompt. Rend, dea Trav. Chim. 1849,173. 

(2) AnX Ch. Phys. [3] XXI, 40; J. Pr. Chera. XLII, 194; Compt. Read. XXV, 109 
(in abstr.); Phil. Mag. [3] XXXI; 315; Ann. Ch. Pharm, LXIV, 256. 
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obtained from an alkaline silicate by an acid, or from terfluoride of 
silicium by water, was found invariably to contain the same quantity of 
water, corresponding to the fonnula HO, Si O3 ; at 100® a certain 
quantity of water is lost, the hydrate HO, 2 Si O3 being formed. 
Finely powdered silicic acid decomposes alkaline carbonates, on being 
boiled with their solutions, and likewise bicarbonates by continued 
ebullition. Doveri decomposed protochloridc of copper with silicate 
of potassa; the washed precipitate was treated with hydrochloric 
acid and the filtrate subjected to a current of hydrosulphuric acid, 
when, on filtering once more, a clear solution of silicic acid was 
obtained, which he freed from hydrosulphuric acid by ebullition. 
This solution gave, with alkalies, a precipitate of gelatinous silicic 
acid; when evaporated in vacuo over lime, stellated needles were 
deposited containing HO, Si O3. 

For the composition and classification of the silicates, the reader is 
referred to our Mineralogical Report. 

Siiipito-biciilorldc of sililclum.— Pierre(X) states, that on passing 
the vapour of terchloride of silicium and hydrosulphuric acid, 
together with hydrochloric acid, through a red-hot porcelain tube, a 
liquid is produced which may be purined by rectification (the first 
portion of the distillate being terchloride of silicium with a little 
chloride of sulphur). This liquid fumes when in contact with the air, 
its odour callings to mind both that of chloride of silicium and 
hydrosulphuric acid j addition of water to it produces a disengage¬ 
ment of hydrosulphuric acid and a slight precipitate of sulphur; its 
spec, gray, is about 1’45 at 15®, its boiling point above 100®. 
It contains Si S Clg. The density of the vapour was found = 
4*78 5*24, 6*28;—5*00 corresponds to a compensation into 3 
volumes. (K snpra, p. 805). 

Titanium. —^The separation of a very large quantity of metallic 
titanium (at leiast 80 pounds) in an iron-furnace, at Biibeland in 
the Harz, has been described by Blumenau(2). 

The equivalent of titanium, formerly determined by H. Rose at 
24*3, and by Mosander at 23*7, has been the subject of experi¬ 
ments by Pierre(3>. A weighed quantity of bichloride of titanium 


(1) Compt. Rend. XXIV, 814; Ann. Ch. Pham. LKIV, 259; J. Pr. Chem. XLT, 
342; more complete Ann. Ch. Phys. [.3] XXIV, 286; Ann. Ch. Pharin. LXIX, 73; 
J. Pr. Chem. XLVI, 65. 

(2) Ann. Pham. LXVII, 122. # 

(3) Ann. Ch. Phys. [3] XX, 257; J. Pr. Chem. XLIl, 65; Ann. Ch. Pharra. LXIV, 
£ 0 (in abstr.). 
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was dissolved in water, and the amount of chlorine determined '‘’•‘“ninm. 
according to Gay-Lussac’s method, (by measurement of the 
amount of a standard solution of silver, required for precipitation). 

He obtained varying results, the experiments, made with the first , 
portions of a quantity of bichloride of titanium, always giving a 
rather larger amount of chlorine than did the last portions; he 
ascribes this to the decomposing action of the moist air (which had 
penetrated on opening the vessel). He considers 35'2 to be pro¬ 
bably the most accurate result of his experiments. 

For the deportment of the acid titanates of the alkalies, we refer to 
our Report on Analytical Chemistry. 

Sesquichioride of Titanium. —The experiments made by Ebel- 
men on titanium, the results of which were pubhshed in 1846(1), 
have since(2) been fully communicated.—On passing the vapour of bi¬ 
chloride of titanium (Ti Clg) with hydrogen through a red-hot tube, 
hydrochloric acid and a new compound (Tig CI3) are formed, the 
latter being deposited in the cooler part of the tube, in the form of 
brilliant broad scales of a dark-violet colour. It is very unstable; 
when heated to redness on platinum foil in the air, it disengages 
Ti Clg, leaving a residue of titanic acid; the same decomposition 
seems to take place slowly even at common temperatures. It is 
volatile, but less so than Ti CL, when exposed to the air it does not 
fume, but deliquesces. It dissolves in water, heat .being disengaged; 
the violct-rcd solution becomes gradually colomless on exposure to the 
air, titanic acid being deposited: on evaporation, the solution evolves 
hydrochloric acid, a blue oxychloride remaining. The aqueous solution 
affords, with alkalies, a dark-brown precipitate, changing rapidly, 
with disengagement of hydrogen, successively to black, blue, and 
finally to white. The alkaline carbonates produce nearly the same 
reaction; carbonic acid being at first liberated, and then hydrogen. 
Hydrosulphuric acid produces no effect; hydrosulphate of sulphide of 
ammonium affords a brown precipitate, which appears to be identical 
with that obtained by means of the dkalies, and changing likewise 
into white titanic acid. 

Tia CI 3 is an energetic reducing agent, separating sulphur from 
sulphurous acid, gold, silver and mercury from their salts, and 
suboxide of copper from salts of the protoxide; it decolourizes 

(1) Instit. 1846, 225. 

(2) An^i^Ch. Phys. [3] XX, 385; Ann. Ch. Pharm. LXIV, 269} J. Pr. Chem. XLIl, 

70; J. Pharm. [3] XII, 437. 
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cSdi'of solutions of the sesquioxide of iron, with formation of the protoxide, 
titanjum. When added in a small quantity to water, it induces the solution of 
the violet sesquichloride of chromium. 

Th5 quantity of hydrogen evolved in decomposing, by an alkali, 
a known weight of Tig CI 3 dissolved in water, corresponds to the 
amount calculated upon the assumption that the precipitate decom¬ 
poses water, to form titanic acid. 

The formation of Tij CI 3 in the manner described, is generally 
accompanied by the elirainatipn of metallic titanium, which is 
deposited in a thin layer, reflecting the yellow rays, and transmitting 
blue. Small leaves of a golden-yellow substance are likewise found 
here and there; Ebelmcn considers them to be probably Ti Cl. 

Sesquioxide of Titanium.— Titanic acid, when exposed to a strong 
red heat in a current of dry hydrogen, becomes black, chang¬ 
ing to Tij O 3 . Tliis oxide can be reconverted into titanic acid only 
by roasting it at a very high temperature; nitric and hydrochloric 
acids have no action upon it. Sulphuric acid dissolves it with a 
violet colour; the solution, when concentrated in vacuo over lime, 
yields only niinute quantities of crystals and dries up to a nodular 
violet mass; by boiling, the violet aqueous solution is decolourized, 
with deposition of titanic acid; it exhibits the same reactions as 
Tig CI3. In the analysis of the dried salt-mass, Ebelmen obtained 
more sulphuric acid than corresponds to the formula Ti 2 O 3 ,3 SO 3 ; 
the details are not given. 

Bisulphide of Titanium.— ^Ebelmen found that the action of 
bisulphide of carbon on titanic acid, heated to redness, did not 
afford a product of constant compositioif. He obtained a definite 
substance, however, on passing hydrosulphuric acid and the vapour 
of Ti CI 3 through a tube at a faint red heat; the^nterior of the tube 
became coated with brilliant crystalline laminee of the colour of brass, 
which were altered on exposure to air, with a perceptible evolution 
of hydrosulphuric acid; they are dissolved by neither hydrochloric 
nor dilute sulphuric, but almost entirely by nitro-hydrochloric acid. 
When heated, this substance inflames and is transformed into titanic 
acid. Its composition is Ti Sj. At the conclusion of the preparation of 
the bisulphide, the retort in which the bichloride of titanium had been 
heated, and into which hydrosulphuric acid had penetrated, w'as found 
to contain an olive-greenish substance, which assumed a metallic 
lustre by pressure and was likewise Ti S^; the formation of this 
substance consequently commences at a temperature near the boiling 
point of Ti CI 3 . 
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iimenium —Hermann(l) has endeavoured to establish by new 
proofs the existence of a peculiar metal, iimenium, in the so-called 
yttroilmenite of Miask; and 11. Rose(2) has given his reasons for 
believing this mineral to be identical with the samarskite investigated 
by him, and the supposed ilmenic acid to be, not a peculiar sub¬ 
stance, but niobic acid, containing more or less impurities. 

Tantalum. Tantailc Acid, —^The spec. grav. of tantalic acid has 
been examined by H. llose(3). The acid obtained from the chloride, 
heated over a spirit-lamp until it exhibited the phenomenon of 
incandescence, had a spec. grav. of 7*03 to 7*53; by strong and 
lengthened ignition, the spec. grav. rose to 7‘99 and even to 8'26. 
In general, a greater density and a more distinct crystalline state were 
found to be parallel j yet remarkable anomalies were exhibited, as f. i. 
a decrease in the spec. grav. of an acid which, once ignited, was 
again exposed to a higher temperature. The above experiments 
were made with an acid prepared from the tantalite of Finland ; the 
acid from yttrotantalite of Ytterby had the spec. grav. 7'43. 

Nioiiium. uriobie Acid.— H. Rose(4) has Ukevvise determined the 
spec. grav. of niobic acid. This substance, prepared from the 
columbitc of Bodenmais, when heated until exhibiting the phenome¬ 
non of incandescence, had the spec. grav. 4*96 to 5*12; when ignited 
for some hours in a wind-furnace 4*56, and when exposed to the heat 
of a porcelain-furnace for a lengthened period 4*60; acid of another 
preparation had under the first circumstances the spec. grav. 5*25 
to 4*76, after the second treatment 4*58, after the third 4*59. 
Acid prepared from the North American columbite showed, under 
the first conditions, the spec. grav. 5*26 to 4*66 ; under the third, 
the constant number 4*60. The acid prepared from the samarskite 
(uranotantalite) of Miask had, in the first case, the spec. grav. 
5*26 to 4*69, in the third 4*63 to 4*69. With a lower spec, grav., it 
had a more distinctly ci’ystalline texture. Ruse concludes that 
the acid can be obtained both in the amorphous and crystalline states, 
and that it is denser in the former; the amorphous acid is stated to 
be produced by the rapid decomposition of the chloride with water, 
and the crystalline, by gradual action of humid air on the chloride, 
and by the heat of the porcelain-furnace.* 


(1) J. Pr. Chem. XL, 467; Ibid. XLII, 129. 

(2) Fogg. Ann. LXXI, 157; LXXIII, 449. 

(3) Ibid. LXXIV, 285; Berl. Acad. Ber. Marz, 1848 (in abstr.); J. Pr. Chem. 
XLIV, 223 ; Ann. Ch. Pharm. LXVIII, 166 ; Tnsti^ 1848, 367. 

(4) Pogg. Ann. LXXIII, 313; Ann, Ch. Pharm. LXVIII, 165 (in abstr.) 
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Peiopium. Pelopic Add. —H. ttose(l), finally, has made experi¬ 
ments to determine the spec. grav. of pelopic acid. Prepared from 
the columbite of Bodenmais, by decomposing the chloride, and 
heated over a spirit-lamp until it exhibited the phenomenon of incan¬ 
descence, it had the spec. grav. 5*98 j exposed to a red heat for some 
hours in a wind-furnace 6*37; and ignited in a porcclain-furnacc 
(when it had become crystalline) 5*79. Acid of a different prepara¬ 
tion showed, in the first case, 5*95, in the second 6*09. After 
exposure to the heat of a poreclain-furnace, this acid was soluble 
only with difficulty in fused sulphate of potassa. The acid thus 
obtained, had, in the first case, the spec. grav. 6*14, in the second 
6*48, in the third 5’83. Another preparation of acid from the 
chloride gave, in the first case, the number 5*70, in the second 
6'32, in the third 5*79. A fifth specimen obtained by decomposing 
the chloride, immediately after preparation, with water, gave the spec, 
grav. 6-24 in the first instance, 6 42 in the second, and when heated 
for a greater length of time 6-73. Acid formed slowly by ex¬ 
posure of the chloride to the air, had, on ignition over a spirit-lamp, 
the spec. grav. 6.24; a crystallized specimen prepared from the 
acichloride 5’49.—Lastly, an acid prepared from the North American 
columbite (by gradual decomposition of the chloride of pelopium 
in the air) had the spec. grav. 6*10, and on ignition in a porcelain- 
furnace 6-17.—Bose distinguishes three different modifications of 
pelopic acid. The amorphous modification of the highest spec, grav., 
and obtained by heating freshly prepared chloride of pelopium 
with water; a crystalline modification, of a less spec, grav., 
formed by slow decomposition of the chloride ewosed to the air; 
and a second crystalline modification of a constam spec, grav., and 
produced by ignition of the acid in a porcelain-furnace. 

Tuniirsten.^—Percy(2) has endeavoured in vain to obtain an alloy, 
applicable to technical purposes, of tungsten with any other metal. 

Tansstates.—Laurcnt(3) concludes, from his researches on the 
tungstates, that there are at least five or six different tungstic 
acids. He states that these acids form different salts with am¬ 
monia which, when heated, yield tungstic acid, possessing' different 


(1) Pogg. Ann. LXXIV, 85; Ann. Ch. Pharm. LXVIII, 105 (in abstr.); J. Pr. 
Chem. XLIV, 220; Arch. Ph. Nat. VIII, 215. 

(2) Cliem. Gaz. 1848, 349. 

(3) Ann. Cli. Pliyg. [3] XXI^^54} J. Pr. Chem. XLH. 110 ; Corapt. Rend. XXV, 538 
(i absir.) the homotungatates, Wf, 0,,,, arc also lucnlioned here as a sixth class 
of salts; J. Pharm. [3] XIII, 53. 
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properties, according to the ammonia-salt employed. Laurent . 
distinguishes the following species of salts, their composition being 
expressed in the more generally adopted notation. 

1 . Tungstates: KO, WO3, with or without water (R representing 
a metal or hydrogen). With these are classed the potassa-, soda-, 
and baryta-salt, and the majority of the insoluble tungstates. 
Acid salts of this species are not known. The solution of a tung¬ 
state, when added to an excess of dilute nitric acid, produces a 
gelatinous precipitate. The hydrate of this tungstic is formed 
by the action of nitro-hydrochloric acid on tungsten. 

3. Paratungstates: 2 RO, W^Ojgj with or without water. To 
this class belong the. salts hitherto described as bitungstates of 
potassa, soda, ammonia, baryta, or strontia. They are slightly 
soluble in water, with the exception of the soda-sdt; when in 
contact with warm water, they are immediately dissolved on addition 
of a very little dilute nitric acid, a portion of the paratungstic acid 
being precipitated. 

3. Metatungstates: RO, W 3 O 9 , with or without water. The 
ammonia-salt of this class is formed when a solution of paratung- 
state of ammonia is boiled for some hours; the solution, when 
filtered after cooling and evaporated to a syrupy consistency, 
yields octohedrons which arc very soluble. The solution, of this 
salt is not precipitated by concentrated hydrochloric acid. 

4. Isotungstates: RO, Wg Og, with or without water. The am¬ 
monia-salt is prepared by boiling metatungstate of ammonia with 
excess of ammonia. It is slightly soluble in water. The acid, which 
may be separated by the addition of another acid, is characterized 
principally by reproducing the isotungstate with ammonia. 

5 . Polytungstates : perhaps 3 RO, WgO^g. If the yellow acid 
obtained from the tungsten (wolfram) of mineralogists, be "treated 
with ammonia, the solution, when slowly evaporated, at first depo¬ 
sits paratungstate, and then isotungstatc of ammonia; the mother- 
liquor separates into two layers, of which one is brown and syrupy, 
and dries into an easily soluble crystalline mass, probably a double 
salt of ammonia and iron. It yields with boiling concentrated 
hydrochloric acid a white precipitate of polytungstic acid, which 
is not gelatinous, and docs not become yellow by boiling; poly- 
tungstic acid is characterized by* forming a very soluble salt with 
ammonia, which becomes gummy on evaporation. 

Laurent has communicated formulae for a large number of indi¬ 
vidual salts belonging to these different classes, v/ithout giving, 
how'cvcr, any data by which a judgment could be formed rcs- 
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pecting the admissibility of his formulse. Many are constructed 
according to his and Gerhardt's view, that fractions of an equi¬ 
valent may exist in combinations, i. e, that one equivalent of a 
proximate constituent may be represented by varying quantities 
of different (and not even isomorphous) metals, and of hydrogen; 
e.g, by ^K: ^Na, ^tNH 4 , liV H ; a view which we cannot allow 
to have been established. T^e communication of the formula?, 
adduced for the individual salts may consequently be delayed 
until the publication of the analytical details. 

Tungrstate of Ammonia. —Kerndt(l)has examined the crystalline 
form of tungstate of ammonia, NH 4 O, 3 WO3 + HO. In a treatise 
on the crystalline form, and the composition of the compounds of 
tungsten, of which only the examination of the mineral tungsten 
(wolfram) has as yet appeared( 2 ), he propounds the opinion, that 
tungstic acid contains 2 equivalents of oxygen to 1 equivalent of metal, 
without, however, assigning any reasons. 

Molybdenum. —Svanberg and Struve(3) have published exten¬ 
sive researches on the equivalent of molybdenum, and on the com¬ 
pounds of this metal. They found the former to be = 45*96, by 
determining the quantity of carbonic acid expelled on fusing a 
weighed quantity of molybdic acid with an excess of alkaline carbo¬ 
nate ; the number 46*06 was obtained by ascertaining how much 
molybdic acid is formed when a known weight of sulphide of molyb¬ 
denum is roasted. 

Molybdates. —^After stating the manner in which they prepared 
pure molybdic acid, the authors proceed to describe a number of its 
salts .—Molybdate of potaxsa 2 (KO, M 0 O 3 ) 4 - HO (when dried over 
sulphuric acid), is obtained by treating an amvionia-salt with an 
excess of carbonate of potassa, evaporating at a gentle heat to a 
syrupy«congistency, and exposing the mass to a low temperature; 
the same compound separates as an oily mass on agitation of an 
alcoholic solution of caustic potassa with trimolybdate of potassa. It 
crystallizes in four-sided prisms, which are easily soluble in water, 
deliquesce slowly, and attract carbonic acid on exposure to the air; 
on heating, this salt falls to powder, water being evolved; it fuses 
by the strongest heat of a spirit-lamp and solidifies on cooling into a 
crystalline mass, which crumbles when perfectly cold to a white 

(1) J. Pr. Chem. XLI, 190. (2) Ibid. XLII, 81. 

(3) From the Memoirs of the Stockholm Academy for 1848, in J. Pr. Cbcm. 
XLIV, 257 5 Phil. Mag. [3] XXXIII, 409, 624; in part, Instit. 1849, 21; Ann. Ch. 
* harm. LXVIII, 209, 293. 
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powder.— Bimolybdate of potcaaa could not be obtained. A double 
salt, with trimolybdate of potasssj 3 (KO, 2 M 0 O 3 ) + (KO^ 3 M 0 O 3 ) 

+ 6 110 or 3 (ko, M 0 O 3 ) + 5 (KO, 3 M 0 O 3 ) +12 HO, crystallizes 
from a solution of molybdic acid in carbonate of potassa, ivhen 
concentrated nitric or hydrochloric acid is added carefully until 
the precipitate at first produced ceases to be perfectly dissolved; the 
salt is decomposed by water into the difficultly soluble trimolybdate 
and molybdate of potassa.— Trimolybdate of potassOf KO, 3 M 0 C 3 
+ 3 HO, is most easily obtained in the manner just described; when 
gradually separated, it appears in the form of needles, with a beautiful 
silky lustre; when rapidly deposited, it is obtained as a voluminous 
white precipitate. This salt is nearly insoluble in cold, but very 
soluble in boiling water, from which it separates only very slowly 
on cooling. Oij ignition, it loses its water of crystallization, and 
becomes very difficultly soluble even in boiling water j it is converted, 
w’hcn ignited in hydrogen, into the neutral salt, with formation of 
2 MoOg or MoO, M 0 O 3 .—By the addition of nitric acid in excess, to 
a solution of molybdic acid in carbonate'of potassa, sometimes the 
quadrimolybdate, sometimes the quinquimotybdate of potassa is pre¬ 
cipitated as a white powder; both are anhydrous, insoluble in water, 
easily fusible, and solidify on cooling with crystalline texture. The 
existence of several other potassa-salts was traced; they were not, 
however, more minutely examined. 

Molybdate of soda, prepared by fusing together M 0 O 3 and 
NaO, (X)^ in the proper proportions, is a white crystalline mass, 
easily asd completely soluble in water, from which it crystallizes, as 
NaO, M 0 O 3+2 HO, in small rhombohedrons, which easily fuse with 
elimination of water.— Bimolybdate, prepared by the same method 
as the preceding salt, is obtained as a white crystaUine mass, which, 
stirred with water, separates into acicular crystals, difficultly soluble 
in cold, and slowly in hot water; from the solution NaO, 2 M 0 O 3 
+ HO crystallizes with difficulty.— Trimolybdate of soda separates 
after some time as a voluminous precipitate on the careful addition of 
concentrated nitric acid to a strong solution of molybdic acid in 
carbonate of soda; it is more soluble than the corresponding potassa- 
salt, and crystallizes as NaO, 3 M 0 O 3 + 7 HO.—^When heated in 
hydrogen, it exhibits the same depoi*tment as the corresponding 
potassa-salt.—An excess of nitric acid added to a solution of molyb¬ 
date of soda separates nothing in the cold; on ebullition, however, 
molybdic acid is immediately separated. 

Molybdate qf ammoma is obtained by ‘ treatment of an excess 
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Ki' molybdic acid with a concentrated solution of ammonia in a closed 
bottle, precipitation by alcohol and dcssication over caustic lime; it 
forms microscopic four-sided prisms of the composition NH4O, 
M0O3 j water converts it into an acid salt,— Bimolybdate of ammonia 
separates as a white crystalline powder, NH4O, 2 M0O3, when a 
solution of molybdic acid in ammonia, (the latter being present in 
excess), is rapidly evaporated.—From a solution of molybdic acid in 
ammonia, a combination of bimolybdatc and trimolybdatc of am¬ 
monia NH4O, 2 MoOg+NH^O, 3 M0O3+3 HO crystallizes out in 
six-sided prisms. Other salts were formed by the action of nitric acid 
on a solution of molybdic acid in ammonia; they were not, how¬ 
ever, investigated any further by the authors. 

The haryta^salts arc obtained by the decomposition of the potassa- 
or soda-salts with chloride of barium; it is, however, difficult to free 
them completely from an admixture of the alkaline salts. Molybdate 
of baryta, BaO, M0O3 is precipitated as a fine crystalline powder, 
on the addition of a solution of chloride of barium to a solution of 
molybdic acid in excess of ammonia; it is difficultly soluble in water, 
and infusible.—Svanberg and Struve doubt the existence of the 
basic baryta-salt described by Heine(l).—BaO, 3 M0O3 + 3 IIO 
is formed by the decomposition of the corresponding potassa-salt, as 
a white docculent precipitate, somewhat soluble in water, and becoming 
homy after dessication; it fuses and solidifies on cooling with crys¬ 
talline structure; BaO, 2 M0O3 + BaO, 3 M0O3 + 6 HO pre¬ 
pared by the decomposition of the corresponding ammonia-salt, is a 
flocculent, amorphous precipitate, tolerably soluble in W||ter and 
fusible. By treatment of the molybdate of baryta with dilute nitric 
acid, the nonomolybdate BaO, 9 Mo03 4-4 HO is'Obtained; it crys¬ 
tallizes in small six-sided prisms, insoluble in water, and fusible. 

A solution of trimolybdate of potassa gives with nitrate of pro¬ 
toxide of lead a white powder, imlybdate of protoxide of leadf 
PbO, M0O3, fusible only at a high temperature. The oxide appears 
to enter into combination with molybdic acid in one proportion only. 

Molybdate of protoxide of silver^ AgO, M0O3, is obtained as a 
flocculent yellow precipitate, by the addition of nitrate of protoxide 
of silver to a solution of molybdate of potassa; it blackens on 
exposure to the air, and is slightly soluble in pure water, but easily 
so in water containing nitric acid. Trimolybdatc of potassa gives. 


(1) J. Pr. Chem. IX, 204» 
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with nitrate of protoxide of silver, a flocculent yellowish-white pre¬ 
cipitate, perhaps AgO, 3 M 0 O 3 + AgO, 2 M 0 O 3 . 

Deportment of Dolybdlc Acid with Phosphoric Acid.*— Svanberg 
and Struve have made voluminous communications on the phenomena 
exhibited by molybdic acid, when under the influence of phosphoric acid, 
without however bringing this subject so far towards a conclusion, 
as to allow of a brief and yet complete abstract being given. 
Molybdic acid, when coloured yellow by the action of phosphoric 
acid, dissolves easily in ammonia; on addition of acids to this 
solution, an amorphous lemon-yellow precipitate is produced, which 
is insoluble in water and acids; the same compound may be obtained 
by dissolving molybdic acid in an excess of ammonia, mixing with 
phosphate of soda, applying heat and adding sulphuric, hydvo- 
chloric or nitric acid. The yellow precipitate is, according to S van- 
berg and Struve, quinquimolybdate of ammonia, NH^O, 5 M 0 O 3 
+ 110, containing, however, some phosphoric acid. If the ammonia 
be expelled by warming with potassa, a colourless solution is pro¬ 
duced, in which acids produce a crystalline yellow precipitate of 
quinquimolybdate of potossa, KO, 5 M 0 O 3 + 2 HO. The solution 
of the yellow ammonia-salt in an ammonical liquid gives, with 
chloride of barium, a white molybdate of baryta, the precipitate 
becoming yellow, however, on the addition of acid. It has not been 
accurately ascertained on what depend the altered reactions exhibited 
by molybdic acid in the presence of phosphoric acid. 

scsqnioxide of Doiyiidenum. —According to Kobell(X) molybdic 
acid, fvhen dissolved in an excess of acid, is deprived of half its 
oxygen by copper, a sesquioxide Mo^Os remaining in solution instead, 
as was hitherto believed, of a binoxide of molybdenum MoOg, the 
existence of which, is doubted by Kobell. 

Vanadium. —^Vanadium has been discovered by T)cck(2) in the 
iron slag of Staffordshire. 

With regard to pervanadic acid, see pcrchromic acid. 

Chromium. —Some new experiments have been made by 
]Mobcrg( 3 ) upon the atomic weight of chromium, which had been 
determined by Berzelius at 28*1, by Peligot at from 26*0 to 
26*4, and by Berlin at 26*3. In determining the quantity of ses- 
qiiioxide of chromium which remained after igniting the sulphate, he 
found the numbers 26*5 to 26*8, according as the salt employed 
had been heated to 330*^, or to a dull redness.. In an experiment 

(1) J. Fr. Chem. XLI, 158. (2) Chem. Gaas. 1848, 298. 

(3) J. Pr. Chem. XLIII, 114 ; J. I’hanu. [3] XIV, 76. 
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conducted in a similar manner with sulphate of sesquioxide of 
chromium and ammonia, he found from 26'7 to 26*9.—^According to 
Jacquelain's(l) statement the equivalent of chromium is only 25. 

Protoxide and protochlorlde of Chromium.— According to Mo- 
berg( 2 ), protochloride of chromium, when dissolved in water, 
decomposed by potassa, and the precipitate washed and dried, 
(oxygen being'perfectly excluded), yields a dark-brown hydrate of 
protoxide of chromium CrO- 1 - IIO, which, when ignited in hydrogen, 
is converted into sesquioxide of chromium, the water of hydration 
being decomposed. He has confirmed the composition Cr Cl of 
protochloride of chromium by a new analysis(3), and has examined 
the action of several salts upon a solution of this chloride(4); we will 
mention here only, that with acetate of soda, a red liquid is obtained, 
from which acetate of protoxide of chromium CrO, C 4 H 3 O 3 4- IIO 
(as PiSligot had already found) is deposited in oblique rhombic 
columns; with succinate of soda, a precipitate is formed which is 
scarlet when moist, becoming lighter and partially blueish-grey when 
dried in vacuo ; its composition is CrO, C 4 H 2 O 3 110; witli 
benzoate of potassa, a bright reddish-grey precipitate is obtained, 
which, when dried, has the composition CrO, CuHbOs, and when 
exposed to the air changes colour in a similar manner. Mobcrg(5) 
has farther communicated his views respecting the possible existence 
of protoxide of chromium in nature, namely, in chrome-iron, and 
especially in pyrope. 

Scsauioxide of Chromium.— According to Fremy( 6 ) hydrate of 
sesquioxide of chromium, precipitated in the cold from one* of its 
salts, and dried at the ordinary temi>erature in a current of air, has 
the formula Cr^ O 3 -f 9 HO (experifticnt gave 5f^6; theory retjuires 
51-4 percent of water). Its green alkaline solution, when boiled, 
gives a precipitate of hydrated sesquioxide of chromium Crj O 3 
+ 8 HO, which is soluble in alkalies (experiment 49’3, calculation 
48*4 percent of water). 

According to Lefort(7) the salts of sesquioxide of chromium 
produce with the carbonates, and bicarbonates of the alkalies, cither 
a hydrate of peculiar composition, or a compound Cr, O 3 , GOj-t- 4 HO; 


(1) Compt. Rend. XXIV, 679; J. Pr. Chem. XLI, 348. 

(2) J. Pr. Chem. XLllI, 125; Ann. Ch. Pharm. LXYIIl, 303. 

(3) Ibid. XLIV, 322 j Ann. Ch. Pharm. LXVIII, 304. 

(4) Ibid. 327 ; Ann. Ch. Pharm. LXVIII, 305. 

(5) J. Pr. Chem. XLIII. 119. 

(6) Ann. Ch. Phys. [3] XXIII, 388; J. Pr. Cheiu. XLV, 196. 

(7) Compt. Rend. XXVII, 269; J. Pharm. [3] XV, 24, (entire). 
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the former is obtained by employing the green modification of sulphate 
of sesquioxide of chromium, the latter by using the blue. The 
carbonate loses 3 HO between 76® and 150®; the earbonic acid and 
last atom of water are not expelled below 300®. 

Traube(l) contests, that sesquioxide of chromium, which has been 
heated to redness, is actually soluble in hot concentrated sulphuric 
acid. According to his experiments, the insoluble red sulphate of 
sesquioxide of chromium, which is obtained by heating a solution 
of hydrated sesquioxide of chromium in dilute sulphuric acid, and 
adding concentrated sulphuric acid, consists of % (Cr^ O 3 , 8 SO 3 ) 
+ riO, SO 3 (Schrotter had given the formula Crj O 3 , 3 SO 3 ). The 
same salt is formed as the final product of the action of concentrated 
sulphuric acid at a high temperature upon bichromate of potassa, 
and chrome-alum; its formation in this case, however, is preceded 
by bodies containing sulphate of potassa. This salt, when heated in 
an atmosphere of hydrosulphuric acid, is converted into sesquisul- 
phide of chromium ; in hydrogen gas, into a mixture of Crg O 3 
and Cr S in variable proportions. Experiments made to obtain 
corresponding compounds of sesquioxide of iron and alumina were 
unsuccessful. 

For preparing the blue crystallized modification of the sulphate 
of sesquioxide of chromiuW^ Traube(2) recommends the»gradu^ 
addition of spirit of wine, drop by drop, to a solution of chromic 
acid in dilute sulphuric acid j or the exposure of the solution to the 
vapour of ether. 

Sulphate of Sesuutoxlde of ChronUum and Potassa. —Of an in¬ 
vestigation of chrome-alum, by Jacquelain(3), the conclusions only 
have as yet been published, we therefore confine ourselves to men¬ 
tioning that, according to his- statements, chrome-alum contains only 
22 atoms of water. 

Chromate of sesQoloxlde of chromium. —^According to Traube(4), 
dry chromic acid is not affected by sulphurous acid at 100 ®; at 
180®, however, it is reduced to the state of chromate of sesqui- 
oxide of chromium.—Cr^ O 3 , 3 Cr 03 is obtained as a black mass, by 
heating chromic add; by treatment with water its composition 
is not altered; on ebullition, however, it is changed from the 
insoluble to the soluble modification. Aqueous chromic acid is 
converted by alcohol into a chromate of sesquioxide of chromium, 
8 CrjOg, 2 CrOg. 


(1) Ann. Ch. Pharai. LXVI, 87. (3) Compt. Rend. XXIV, 439. 

(2) Ibid. LXVI, 168. (4) Ann. Ch. Fhsnn. LXVI, 103,106,108. 
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fh1or?de'of Sesqulchlortde of ciiromlnm —According to the statements of 
chromium. Jacquelain(l), the unwashed violet chloride of chromium consists 
of a mixture of Crg CI 3 and Cr Cl; he also gives-some observations 
upon the solubility of the scsquichloridc of chromium at various 
temperatures, both in open and closed vessels.—Mobcrg(2) obtained 
from the aqueous solution of sesquiehloride of chromium the com¬ 
pound Cr 2 Cl 3 + 12 HO, already investigated by Peligot; the crystals 
however, were not granular, but needle-shaped. 

diromtc Add. —For the preparation of chromic acid, Traube(3) 
recommends to heat gently 1 part of bichromate of potassa, with 
3^ parts of sulphuric acid, and 2 | parts water, and to decant from 
the sulphate of potassa deposited on cooling, when ou farther 
addition of 4 parts of sulphuric acid, chromic acid will commence 
to separate. The liquid is heated, and water added until the 
crystals are dissolved, the solution is now evaporated until a pellicle 
forms upon the surface, and allowed to crystallize. The acid, dried 
on a porous tile, may be purified by careful fusion in an air- 
bath, when the chromate of potassa and sulphuric acid produce an 
insoluble compound of sesquioxidc of chromium; or, by dissolving 
in water, adding sulphuric acid until a precipitate begins to appear, 
evaporating and slowly crystallizing. 

Chrotuates. —For the preparation of chromates, Jacquclain(4) 
recommends to start from the lime-salt; chrome-iron is heated with 
common chalk, the mass being frequently stirred; the finely divided 
product is suspended in hot water, acidulated with sulphuric acid, and 
freed from sesquioxide of iron by chalk: the solution contains 
bichromate of lime, and a minute quantity only of sulphate. 

Darby(5) has found that bichromate of alftmonia cannot be 
regarded as a compound of oxide of ammonium, its composition 
being NHg, 2 Cr 03 . For the neutral salt, he has confirmed the 
recognized formula NH4O, CrOg. By mixing solutions of equal 
equivalents of bichromate of ammonia and chloride of mercury, large, 
deep-red, readily soluble crystals are obtained, of the composition 
NH3, 2 CrOg + HgCl. The double salt, already analysed by Millon, 
KO, 2 Cr 03 + HgCl i 8 obtained in a similar manner in . the form 
of magnificent red spear-like crystals. 

(1) Compt. Rond. XXIV, 679; J. Pr. Chem. XU, 348; Ann. CU. Phftnn. LXIV,275, 
(in abatr). 

. (2) J. Pr. Chem. XLIV, 326. (3) Ann. Ch. Pharin. LXVI, IG5. 

(4) Compt. Rend. XXIV, 504; Ann. Ch. Phys. [31 XXI, 478, (in detail); J. Pr. 
Chero. XLIIl, 202, 

'■» Clieru. Soc. Qn. J. I, 20; Ann. Ch. Pharm. tXV, 204; J. Pharm. [3] XIII, 369. 
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Darby found, like Millon, the brick-red precipitate which is 
produced on addition of protochloride of mercury to neutral 
chromate of potassa to be 3HgO, CrOg; by evaporating the solution, 
filtered from this precipitate, small reddish crystals arc obtained 
of the formula KO, CrOg + S HgCl readily dissolving in water to‘ 
a yellow solution. This compound is likewise obtained by mfxing 
both constituents in proper proportions, sufficient hydrochloric 
being added to dissolve the precipitate which is formed. The for¬ 
mula 2 (KO, Cr 03 ) + 3 HgCy, assigned by Eammelsbcrg to the 
double salt, obtained from a solution of equal equivalents of these 
bodies, in bright-yellow large leafy crystals, has been confirmed by 
Darby. If a solution of this salt be completely precipitated by 
nitrate of silver, and heated nearly to ebullition with sufficient 
nitric acid to rcdissolve the precipitate, a splended needle-formed 
double salt is obtained on cooling, of the composition AgO, 2 Cr 03 
4-HgCy.—Chromate of suboxide of mercury (HgjO, Cr 03 ), is 
obtained in the form of a crystalline bright brick-red powder, by 
boiling the precipitate 4Hg20, 3 CrOg, produced by chromate of 
potassa and nitrate of suboxide of mercury ; a chromate of the 
suboxidc is likewise obtained by mixing 2 (KO, CrOg) 3 HgCy 
with nitrate of protoxide of mercury, and boiling the resulting 
precipitate with a small quantity of nitric acid until dissolved, 
when on cooling Hg^O, CrOg is precipitated as a beautiful brilhant- 
red crystalline powder. 

Perciironiic Acid. —^Barreswill(l) has given a more minute de¬ 
scription of his experiments, communicated(2), at an earlier period, 
upon the existence of perchromic acid, which is obtained by mixing 
chromic acid with dilute binoxide of hydrogen, (or bichromate of 
potassa with a dilute, but very acid solution of binoxide of barium 
in hydrochloric acid), when a liquid is formed of a blue colour, 
which is removed from the aqueous solution by ether. Both the 
aqueous and the etherial solutions are rapidly decomposed with evo¬ 
lution of oxygen, no chromic acid, but sesquioxide of chromium 
being formed. He obtained combinations with quinine and stry¬ 
chnine only; but even these compounds, which are of a dirty- 
violet colour, are rapidly decomposed. From the amount of oxygen 
disengaged by a weighed quantity of bichromate of potassa, after 
conversion into the blue compound, (which, by treatment with 


(1) Ann. Ch. Phys. [3] XX, 364 ; J. Pr. Chem. XLI, 393 ; Ann. Ch. Pharm. LXIV, 
275, (in abstr.) 

(2) Inst. 1846, 320.- 


Chro. 

mates. 



320 


INORGANIC CHEMISTRY. 


Perchro- 
mlc acid. 


hydrochloric acid is changed into Cr 2 Cl 3 ), Barreawil assigns 
the formula Crg O 7 to the oxide of chromium generated under 
the adduced circumstances. 

Vanadiate of ammonia gives in the same manner a blood-red 
colour, which is somewhat more stable. 

Wanlum. —P€ligot(l) has published a more detailed account 
of his experiments (communicated in 1846) (2), on the equivalent 
of uranium: he has found, on burning the oxalate ^f sesquioxide 
of uranium, and comparing the carbonic acid produced with the 
remaining green proto-sesquioxide, that the equivalent approached the 
more closely the number 60, the purer the salt that he employed; 
he believes to have confirmed this number, by some new analyses 
of the acetate of the sesquioxide. Berzelius(3) has pointed out some 
particularities in^ Peligot^s statements which lead to results con¬ 
tradictory to the views of this chemist respecting the true equivalent 
of uranium. 

Phosphate and Afsenlate of Sesquioxide of llranlum. —Wcrther(4) 
has investigated the compounds of sesquioxide of uranium with phos¬ 
phoric and arsenic acids; both acids combine with one, two, and, 
perhaps, also three equivalents of the base.—Sesquioxide of uranium, 
when treated with phosphoric acid, forms a bright yellow mass, 
which partially dissolves on boiling; the yellow solution, when 
evaporated over sulphuric acid, yields lemon-yellow crystals Uj O 3 , 
POg + SHO, which, on gently heating, become of a dull, and, 
subsequently, of a bright yellow colour; the last equivalent of 
water is evolved only at a red heat. The crystallized salt is decom¬ 
posed by water, phosphoric acid and a small quantity of sesqui¬ 
oxide of uranium being separated, and a polybasic salt remaining 
behind.—Sesquioxide of uranium, when treated with dilute phos¬ 
phoric acid, and. washed, forms an uncrystallizable bright-yellow 
powder 2 UjOg, PO 5 + 4 HO, which is insoluble in water and 
acetic acid, but soluble in mineral acids and in excess of carbonate 
of ammonia; ut a temperature between 120 ° and 170° it loses 
three equivalents of water, the fourth equivalent being driven ofi* 
only at a much higher temperature. When exposed to a red 
heat it becomes of a dark yellow; but pa. cooling again assumes 

(1) Ann. Ch. Phys. [3] XX, 329; J. Pr. Chem. XLI, 898. 

(2) Compt. Rend. XXII, 487; J. Pr. Chem. XXXVIII, 182. 

(3) Jahre8l>ericht, XXVII, 89. 

(4) Phil. Mag.'[3] XXXIII, 244, 246; J. Pr. Chem. XLIII, 321; Berl. Acad. Ber. 
May, 1848, (in abitr.); Ann. Ch. Pham. LXVIII, 312; Inetit. 1848, 393; J. Pharm. 

XIV, 87. 
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its bright appearance. Phosphoric acid, when added to acetate of 
sesquioxidc uranium, produces a precipitate of somewhat darker colour 
than the preceding, exhibiting the same deportment even at a red heat; 
when dried in the air, its composition is represented by the formula 
2 Ug O 3 , PO 5 + 9 no, dried at 60® by O 3 , PO 5 + 7 HO; 
this formula likewise represents the precipitate produced by the 
treatment of nitrate of sesquioxide of uranium with NaO, 2 HO, 
POg, or, with the fluid remaining after the incomplete decomposition 
of 3 NaO, PO 5 by nitrate of sesquioxide of uranium .—Nitrate of the 
sesquioxide of uranium produees with an excess of 3 NaO, POg 
(too great an excess almost entirely dissolves the precipitate which 
is formed) a dark-yellow precipitate, insoluble in water and con¬ 
taining 5 U 2 O 3 and 1 NaO to 2 PO 5 , whiph is probably a mixture; 
the same view is entertained by Werther respecting the residue left 
on treating the precipitate in question with so large a quantity 
of 3 NaO, PO 5 that the precipitate is partially redissolved. 

The salt U 2 O 3 , AsOg + 5 HO deposits in small yellow crystals, 
when pure nitrate or acetate of sesquioxide of uranium is boiled 
with excess of a solution of arsenic acid, and the fluid evapo¬ 
rated over sulphuric acid; like the preceding phosphate it is 
decomposed by water, it is soluble (as also are the following 
compounds) in mineral acids and in carbonate of ammonia, but not 
in acetic acid. At a temperature of 150°, it loses three equivalents 
of water, and at a strong heat it decomposes into arsenious acid, 
oxygen, and a polybasic salt.—The yellow precipitate, obtained by 
the action of arsenic acid upon acetate of sesquioxide of uranium, or 
of water upon a mixture of arsenic acid and nitrate of sesqui¬ 
oxidc of uranium, which has been boiled to drive oflT the excess of 
nitric acid, is, when dried over sulphuric acid, 2 UgOg, AsOg + 
9 HO, and loses at 120° eight equivalents of water. The precipitate 
produced by arseniatc of potassa in the nitrate of the sesquioxide, 
probably also contains 2 U 3 O 3 to 1 AsOg, but a different amount of 
water, and a variable quantity of potassa. The pale-yellow pre¬ 
cipitate produced on addition of 3 NaO, AsOj to nitrate of sesqui¬ 
oxide of uranium was found to contain NaO, 2 Ug O 3 , AsOg + 5 HO. 
—According to a more recent communication of Werther(l) 
2 Ua O 3 , AsOg + 9 HO = 2 U 3 O 3 , HO, AsOg + 8 HO, when 
boiled with basic acetate of protoxide of copper, yielded a greenish 
salt of the formula 2 Ug O 3 , CuO, AsOg + 8 HO. 
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VOL. 1. 


(1) J. Pr. Chem. XLIV, 127. 
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nfansanese. Carbonate of Protoxide of Manganese. —The pre¬ 
cipitate produced, both in cold and hot solutions of protoxide of 
manganese, by carbonates or bicarbonates of the alkalies, is, ac¬ 
cording to Lcfort(l), MnO, COg + HO. At about 90® it loses 
part of its water; the entire quantity may be expelled without in 
any degree impairing the white colour of the precipitate. 

Salts of sesQuioxlde of Manaraiiese. —In addition to the phosphate 
of sesquioxide of manganese (see p. 214) IIcrrmann(2) has studied 
several other salts of the sesquioxide, but without obtaining any 
satisfactory results. Tartaric, oxalic, and malic acids produce by their 
action upon the sesquioxide, carbonic acid and salts of the protoxide. 

Periuansanlc Acid.— Some reactions of permanganic acids have 
been described by Sch()nbein(3), with the view of more distinctly 
exhibiting the analogy between this body, binoxide of hydrogen and 
ozone; with regard to his experiments upon the formation of this 
acid, the reader is referred to pages 201 and 205. 

Arsenic. —As to the researches which have proved a considerable 
distribution of arsenic upon the earth’s surface, wc refer to our 
Report of the analyses of mineral waters. 

Schonbein(4) advances the opinion, that the production of the 
garlic odour from arsenic docs not depend upon the formation of a sub- 
oxide, but rather of a peculiar modification of arsenious acid Asg O^j, 
which is afterwards converted into ordinary arsenious acid 2 AsOg. 

H. Bccker(5) has performed experiments upon the precipitation 
of arsenic by means of hydrosulphuric acid. According to his 
observations, arsenic in solution, whether in the form of arsenious, 
or arsenic acid, is not entirely ])rccipitatcd, either by hydrosulphuric 
acid, or by the alkaline sulphides; the quantity, however, of arsenic 
remaining dissolved is in most cases (except in Ibgal inquiries) quite 
immaterial, if the liquid, saturated with hydrosulphuric acid, be 
allowed to stand some time at a gentle heat in well-closed vessels, 
(six or eight days). Becker recommends to saturate from time to 
time with hydrosulphuric acid, lest a small quantity of sulphide of 
arsenic be re-dissolved in the acid liquid, and to filter off the preci¬ 
pitate before expelling the hydrosulphuric acid. 

Arsenious Acid. —Some farther statements have been communicated 
by Pasteur(6), upon the isodimorphism of arsenious acid and 


(1) Compt. Rend. XXVII, 268} J. Pharm. [3] XV, 18 (complete). 

(2) Fogg. Ann. LXXIV, 303. (4; Pogg. Ann. LXXV, 377. 

(3) J. Pr. Chem. XLI, 228. (6) Arch. Phann. [2] LVl, 287. 

16 ) Chem. Gaz. 1848, 308 j J. Pharm. [3] XIV, 309. 
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teroxidc of antimony, discovered by Wohler. Potassa, when satu¬ 
rated with arsenious acid at the boiling temperature, gradually 
deposits this acid in right rhombic crystals, which is the form of 
native tcroxide of antimony. Teroxide of antimony may be obtained 
in regular forms, by digesting freshly precipitated and washed 
algaroth-powdcr, for several days, with excess of carbonate of soda; 
under the microscope, it presents the appearance of octohedrons 
or cubo-octohedrons, which are not to be distinguished from the 
ordinary form of arsenious acid. 

Bussy(l) has contributed some new observations to the numerous 
contradictory statements regarding the solubility of arsenious acid. 
The glacial is said to, dissolve more rapidly and freely in water 
than the opaque variety; the same quantity of water which dissolved 
from 36 to 38 parts of the former, at 12® to 13®, was not capable of 
taking up more than from 12 to 14 parts of the latter; in the 
strictest sense of the term, neither of the two modifications of 
this acid exhibited a peculiar solubility. (Of what value, then, 
arc these statements respecting solubility ?) The opaque variety of 
acid, when continuously boiled with water, was converted into the 
glacial; i. e., it acquired the solubility of the latter, 110 grm. of 
acid dissolving in one litre of fluid. The continued influence of water 
and low temperature converted the glacial into the opaque variety, 
i. e.f the strength of the solution diminished until the quantity, 
remaining dissolved, corresponded to the opaque variety. Tliat 
both modifications of acid may exist in solution, explained the 
anomaly which had been observed regarding the solubility of this 
substance. Fine division increased the solubility of the opaque, aud 
diminished that of the glacial acid. The acid which had been ren¬ 
dered opaque by ammonia, and that which had been crystallized from 
water, exhibited the same deportment with water. The opaque variety 
dissolved more slowly in dilute hydrochloric acid than the glacial 
modification. Both kinds exhibited the same deportment with 
litmus. 

Arseiiitcs. —^Pasteur(2) and Filhol(3) have published researches 
upon the salts of arsenious acid. According to Pasteur, solution 
of potassa, when mixed in the cold with excess of AsOg, gives rise to 
a slight evolution of heat, an oily non-crystallizablc fluid being pro- 

(1) Phil. Mag. [3] XXXI, 151 j Compt. Rend. XXIV, 774 ; Repert. Pharm. [2] 
XLVIIl, 301; Ann. Ch. Pharm. LXIV, 280; J. Pr. Chem, XLI, 340; J. Pharm. [3] 
XII, 321 (most complete). 

(2) Chem. Gaz. 1848, .300; J. Pharm. [3] XIII, 395 ; Ann. Ch. Pharm. LXVIII, 308. 

(3) J. Pharm. [3] XIV, .331; Aim. Ch. Pharm. LXVIII, 308. 
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Arsenite«. ^uccd, which, when diluted and mixed with nitrate of silver, yields a 
yellow precipitate, the supernatant fluid presenting an acid reaction. 
This oily fluid, when mixed with alcohol, dej)osits, after one or two 
days, rectangular prisms of the composition KO, SAsOg+S HO ; at 
100® it loses 1 equivalent of water. This salt, when boiled for several 
hours with carbonate of potassa, yields a syrupy body KO, AsOg, 
which is very slightly soluble in alcohol; mixed with excess of 
caustic potassa, the surplus being afterwards removed by alcohol, 
a salt of the composition 2 KO, AsOg is obtained, which is very 
soluble in water, and corresponds with the yellow silver-salt.—Filhol 
mentions a binarsenite of potassa, obtained in crystals, by exposing a 
concentrated solution for some time to a temperature of 40® or 50 ®; 
respecting the water in this salt, no statements are made. He did 
not succeed in obtaining KO, ASO 3 in a state of purity, according 
to Pasteur^s method. 

Soda likewise forms three salts of a corresponding composition, the 
statements, however, of Pasteur and Filhol are very incomplete; 
the former did not succeed in crystallizing 2 NaO, 2 AsOg; the latter 
was unable to obtain NaO, AsOg in a state of purity. 

According to Pasteur, arsenitc of ammonia NH 4 0, AsOg, is 
immediately formed on addition of concentrated solution of ammonia 
to arsenious acid; a hard mass is obtained, apparently consisting of 
hexagonal tables, derived from an oblique rectangular prism. This 
salt remains permanent only, when in contact with liquid ammonia; 
alone, and in aqueous solution, it rapidly loses its ammonia; with 
nitrate of protoxide of silver, this solution gives a yellow precipitate 
of 2 AgO, AsOg, the supernatant fluid presenting an acid reaction. 
An ammonia-salt, corresponding with the silver-compound, has not 
yet been obtained. ^ 

Filhol has not succeeded in obtaining definite compounds of 
arsenious acid with either lime or magnesia. With baryta, he formed 
two compounds; BaO, AsOg is obtained by mixing binarsenite of 
potassa or soda with excess of chloride of barium, when arsenious 
acid is liberated, and the compound separates, either immediately or 
gradually, as a white gelatinous magma, or as a dendritic, but amor¬ 
phous mass; in this state it is easily soluble in water, while, when 
dried, it forms a white insoluble powder. Quite analogous in its pro¬ 
perties is 2 BaO, AsOg, which is prepared by decomposing 2 KO, 
AsOj with BaCl. In a similar manner PbO, AbO^, and 2 PbO, AsOg, 
may be obtained. In addition to the above-mentioned silver-com¬ 
pound 2 AgO, AsOg, he has formed a salt of the composition 
3 AgO, AsOj; by the addition of a solution of arsenious acid to 
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excess of nitrate of protoxide of siJver, saturated with ammonia, the A«enites. 
latter salt is obtained of a beautiful yellow colour, which in the 
light rapidly changes to green, and at a temperature from 140*' to 
150® suddenly becomes black, only a trace of water being evolved ; 
at a higher temperature this compound fuses with disengagement of 
arsenious acid. 

Terctaioridc of Arsenic, and Ammonia. —Pasteur(l) believes, that 
the product obtained by the action of ammoniacal gas upon terchloride 
of arsenic, (consisting, according to H, Bose, of 3 As CI3 + 7 NII3,) 
is 2 (Cl As NH) + 4 (Cl NH^) 4 - NH3; when heated, ammonia is 
first evolved, then sublimes the whole; chloride of ammonium, 
however, chiefly towards the end of the process. When boiled with 
water, this product decomposes into ammonia, arsenious acid, and 
chloride of ammonium; with cold water, a slight evolution of heat 
takes place, ammonia being disengaged, while the liquid deposits on 
evaporation a precipitate consisting of six-sided tables, in which 
Pasteur found 13*4 percent of chlorine, 58*1 arsenic, 5*3 nitrogen, 
and 2*3 hydrogen. This body, when treated with ammonia, forms 
an arsenite N H4O, ASO3. 

Terlodlde of Arsenic.— For the preparation of teriodidc of arsenic, 
pure arsenietted hydrogen (prepared by hydrochloric acid and 
arsenide of zinc) is recommended by Meurcr(2) to be passed 
into a freshly prepared solution of iodine in alcohol until it is 
decolorized, when on evaporation, crystals of teriodide of arsenic arc 
deposited, 

Suipho-arscnic Acid.— Clocz(3) has observed that sulpho-arseniate 
of potassa, Asg O 3 Sg, KO + 2 HO, is formed by passing hydro- 
sulphuric acid through arseniate of potassa. 

Antimouj.— ^According to some experiments of Ben8ch(4), the 
success of Liebig^s method of preparing metallic antimony, free 
from arsenic, is dependent on the presence of iron. To free from 
arsenic a rcgulus not containing any iron, it is necessary to add 2 per¬ 
cent of sulphide of iron, and to treat it according to Liebig's 
prescription. Meyer(5) recommends to heat antimony with IJ part 
of crude nitre, and ^ part of carbonate of soda to a low redness, to 
wash the antimoniate of soda, and to fuse it with half its weight 
of bitartrate of potassa. 

Tcroxlde of Antimony.— The following method of preparing teroxide 
of antimony, (for the purpose of obtaining tartar-emetic, &c.) is 


(1) Chem. Gaz. 1818, 309; J. Pharm. [3] XIII, 395; Ann. Ch. Pharm. LXVIII, 307. 

(2) Arch. Pharm. [2] LII, 1. (4) Ann. Ch, Pharm. LXIII, 273. 

(3) Couipt. Rend. XXIV, 388. (5) Ibid. LXVI, 238. 
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recommended by Hornung(l); a mixture of fifteen parts of finely- 
divided tersulphide of antimony and 36 parts of concentrated sul¬ 
phuric acid are heated until sulphuric acid alone is volatilized; the 
product is then washed and decomposed with carbonate of soda. 

Compounds of Teroxide of Antimony.— Several compounds of tcr- 
oxide of antimony have been investigated by Peligot(2). 

Sulphates. Algaroth-powder (for which P^ligot proposes the 
formula SbO^ Cl, vide infra) gave with hydrated sulphuric acid a needle- 
shape salt, SbOj, 4 SO 3 ; teroxide of antimony produced with 
fuming sulphuric acid small brilliant crystals, SbOg, 2 SO 3 , both 
compounds had been dried upon a porous tile in perfectly dry air, or 
in vacuo. Pcligot states that he could not obtain the salt 5 SbO.„ 
3 SO3, which, according to Berzelius, is the neutral one (?). When 
treated with hot water, the salt described gave a basic compound, 
2 SbOjj, SO3, the composition of two other specimens thus obtained 
was pretty accurately expressed by the formula 2 SbOg SO 3 + 2 IIO. 
(The salts Sb 03 , SO 3 and SbOa, 3 SO 3 , investigated by Brandes, arc 
not mentioned by Peligot.) 

Nitrate of teroxide of antimony, 2 SbOg NO 5 is obtained in crystals 
of the lustre of mother of pearl, by addition of water to teroxide of 
antimony dissolved in fuming nitric acid. 

Oxichlorides. By treatment of terchloride of antimony with 
cold water, Peligot obtained a precipitate, which after some days 
became crystalline; well washed, it exhibited a composition agreeing 
with the formula proposed for algaroth-powder. For this compound, 
he assumes the simpler composition Sb 02 Cl; this requires 19*6 of 
chlorine for 75*1 of antimony, and 8*9 of oxygen; this oxichloride, 
however, has not yet been proved to have thi^ composition. By 
the treatment of terchloride of antimony with.hot water, another 
oxichloride, SbOgCl+SbOg, is obtained; this formula corresponds to 
Sb CI 3 + 5 SbOj, the composition usually adopted for algaroth-powder. 

Bitartrate of teroxide of antimony crystallizes, after some time, 
from a thick syrupy solution of teroxide of antimony in tartaric acid. 
The crystals, according to Provo8tayc's(3) description, belong to the 
rhombic system (macrod: brachyd: principal axi 8 = 1: 0*9308: 0*429; 

^ mm 

GO P. Qc Pa. 00 P 00. 3 P 00. P 00) ; they are easily soluble in water, 
deliquescent in moist air, and have the composition SbOg-, 2 Cg Og 
+ 12 HO; they lose their water at 160®. On addition of alcohol 

(1) Arch. Pharm. [2] L. 47. 

(2VPhil. Mag. [31 XXXI, 230; Ann. Ch. Phys. [3] XX. 283; Ann. Ch. Pharm. 

.\IV, 280; J. Pr. Chem. XLl, 370; J. Pharm. [3] XU, 210. 

(3) Ann. Ch. Phy«. [3] XX, 302; J. Pr. Chem. XLI, 392. 
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to a concentrated solution of this salt, a precipitate is formed which, 
when dried at 160®, is SbOg, Cg Og, HO.—Peligot assigns the 
formula SbOg, KO, 2 CgHgOg, 8 HO to the tartrate of teroxide of 
antimony and potassa first investigated by Knapp. 

Peligot prepared oxalate of teroxide of antimony by boiling the 
teroxide with a solution of oxalic acid; by treating algaroth-powder 
with oxalic acid; by adding hydrochloric acid to a hot solution of 
oxalate of teroxide of antimony and potassa, when oxalate of teroxide 
of antimony is thrown down as a crystalline powder; or by adding 
oxalic acid to a solution of the same double salt. By these several 
processes, he obtained the same product, namely, a crystalline salt, 
insoluble in water, and of the composition SbOg, 2 CgOg, HO. 
Boiling water decomposes it into oxalic acid and teroxide of antimony 
—To oxalate of teroxide of antimony and potassa, obtained by the 
^ action of binoxalatc of potassa upon teroxide of antimony, Bussy 
had assigned the composition SbOg, 3 KO, 6 C 2 O 3 , 6 HO; the 
correct formula, however, according to Peligot, is SbO», 3 KO, 
7C20g, 8 HO. 

Peligot is of opinion that a view ought to be taken of the compo¬ 
sition of these salts, similar to that which he proposed for the com- 
pouuds of uranium. The oxides which contain 3 cquivs. of oxygen 
readily combine with 3 cquivs. of acid, forming soluble salts; while 
the compounds with 1 equiv. ^ acid are usually insoluble in water. 
With the oxides of both uri|niui^®ad antimony a different deport¬ 
ment is observed. The compound? of these oxides, with 1 equiv. of 
acid, according to Peligot, correspond to the salts which are formed 
by bases containing 1 equ^^r oxygen, with one equiv. of acid. He 
expresses this analogy in these compounds, the existence 

of peculiar oxygenated^« antimonyl and uranyl; when 

sesquioxide of uranium ^ '^;|'^§roxide of antimony become protoxides 
of uranyl and antimonyl, their composition being represented by the 
formuliE (U 2 Og) 0 and (ShOg) O. 

Antlmonlc and Metantlmonlc Acid. —Premy(l) has resumed the 
investigation of antimonic acid, and has found that it exists in two 
modifications, which form two perfectly distinct classes of salts. 
He assigns the term antimonic acid to the modification particularly 
studied by Berzelius, which forms with potassa a neutral salt 
which is gummy, and an aeid salt almost insoluble in water; 
this modification is produced by heating antimony and nitre. For 
the hydrate of antimonic acid, obtained by pr(!cipitating the neutral 


(1) Aun. Ch. Tbys. [3] XXIII, 404; J. Pr. Chem. XLV, 209; Ann. Ch. Pharm 
LXVm, 279. 
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antimoiliate of potassa with nitric acid, and dried at the ordinary 
temperature in a current of dry air, he found the composition 
SbOj + SHO. According to Premy’s experiment, the neutral anti- 
raoniate of potassa, dried in vacuo, is represented by the formula 
KO, SbOg + 5 HO; exposed for several hours to a temperature of 160°, 
it has the composition KO, SbOg+3 IIO, when it becomes insoluble in 
cold water, and dissolves in boiling water only after some time, with 
reassumption of the 3 equivs. of water; by continuous treatment 
with water, even the ignited compound KO, SbOg is reconverted into 
the soluble salt KO, SbOg + 5HO. The white compound formed by 
heating one part by weight of antimony with four parts of nitre, consists 
chiefly of K 0 ,Sb 05 .—For antimoniate of ammonia, see below. 

Fremy applies the term metantimonic acid to the substance 
formed by decomposing pentachloride of antimony with water, and 
which is produced likewise by heating antimoniate of potassa with 
excess of potassa. He considers this acid to be bibasic, giving rise 
to the formation of two scries of salts, 2 MeO, SbOg (neutral salts), 
and MeO, HO, SbOg (acid salts). The former exist only in presence 
of a large amount of alkali; by the action of solvents, they are con¬ 
verted into acid salts. 

The acid metantimonates MeO, HO, SbOg have the same compo- 
sition as the neutral antimonates, or differ from them only by con¬ 
taining one equiv. of water: they are, too, converted into the 
latter under trifling influences. Metantimonic acid likewise readily 
passes, even in water, into anti^i^onic^acid. The accurate dis¬ 
tinction between both modifications is JlQ^s rendered rather difficult. 
Fremy believes to have found a-p of^lnctive character in the 
deportment of the two acids with anp ha^> aq^monic being inso¬ 
luble therein; the former is likewise Snony dissolve more rapidly 
in acids than the latter. Metantimoi.l • |Hd is perfectly soluble in 
a large amount of cold water, from wbicu^t is precipitated by acids. 
This hydrate has the formula 4 HO, SbOg., 

Antimonic acid, when heated with a large excess 6£ potassa, pro¬ 
duces a neutral metantimoniate 2 KO, SbOg, which is stable only in 
a considerable amount of potassa, being converted, by the influence 
of water, into acid metantimoniate of potassa, KO, SbOg+ 7 HO. 
This salt contains acid and base in the same proportion as the neutral 
antimoniate of potassa; the latter, however, is gummy, does not affect 
the salts of soda, and produces with chloride of ammonium a white 
flocculent precipitate, while the former compound is crystalline, and 
gives a white precipitate with salts of soda, but none with chloride of 
c^mmoniiim. The acid metantimoniate of potassa when dissolved in 
water is rapidly transformed into the antimoniate; the latter, when 
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gently dried^ loses two equivs. of water, and is converted into metanti- ^ametan. 
raoniate; by too mucb drying, however, the above mentioned insoluble 
antimoniate of potassa KO, SbOg + 3 HO is formed.—For the pre¬ 
paration of mctantimoniate of potassa, Fremy recommends the 
following method as successfully employed by him of late. One 
part by weight of antimony and four parts of nitre are heated to 
redness in an earthenware crucible; the insoluble antimoniate of 
potassa which forms, is washed and then boiled with water for 
two or three hours, the liquid evaporated being continually replaced. 

In this manner a solution of antimoniate of potassa is obtained 
which, when mixed with solid hydrate of potassa and evaporated 
until a sample taken out solidifies with crystalline texture, deposits 
on cooling a copious quantity of raetantimoniate, which is dried on 
plates of unglazed porcelain. Before using it as a reagent for 
soda, the excess of alkali is separated by washing. The salt has to 
be preserved in the Ary state, being converted, when kept in solution, 
into antimoniate. 

Fremy( 1 ) prepares the mctantimoniate of ammonia by the con¬ 
tinued action of a concentrated solution of ammonia upon hydrated 
mctantimonic acid; the latter dissolves'' slowly with formation of a 
salt containing one equiv. of metantimonic acid and two equivs. of 
ammonia, which corresponds to the potassa-salt 2 KO, SbOg. This 
salt is difficult to isolate; the addition of a drop of alcohol to its 
aqueous solution throws down a crystalline acid mctantimoniate 
NII4O, SbOj, 6 HO. This compound precipitates the salts of soda; 
when gently heated it loses w^ter and becomes insoluble. In this state 
when boiled with water, it loses its crystalline appearance and is con¬ 
verted, without evolution of ammonia, into white insoluble antimoniate 
of ammonia. The latter is invariably produced if either antimonic or 
metantimonic acids be dissolved in boiling solution of ammonia, when 
it separates from the solution on cooling. Mctantimoniate of 
ammonia can be obtained only in the cold, and even then it is often 
converted into the antimoniate, particularly, as it appears in the 
presence of an excess of ammonia. The acid mctantimoniate of 
ammpnia, though preserved in the dry and crystalline state in well- 
closed vessels, passes, even at the ordinary temperature, after a day 
or two into antimoniate, when it becomes insoluble in water.—^The 
insoluble antimoniate of ammonia, when dried in vacuOf has the 

composition NH 4 O, SbO,, 4 HO. 

pentasulplilde of Antimony and Bnlphlde of Sodlam«~'Thi8 com¬ 
pound (Schlippe's salt), when crystallized, contains, according to 


(1) Fogg. Ann. LXXIV, 576. 
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11. Rose, 18 equivs. of water, which agrees with Raminelsberg’s 
determination. The compound, when fused with exclusion of air, 
crumbles, when afterwards exposed to the atmosphere, to a bulky 
powder, presenting under the microscope a crystalline appearance; 
15 equivs. of water arc absorbed in this change. 

Blsmutb. —The colours exhibited by bismuth, purified accord¬ 
ing to Quesneville's method, when exposed in either the dry or 
moist state to the atmosphere, have been obtained more rapidly, 
and quite at will, by roggcndorff(l) by means of galvanism. 
A bismuth-plate, when forming in a solution of 1 part of potassa 
in 4 to 6 parts of water, the positive electrode, in opposition to a 
platinum-plate as the negative electrode of a battery of two Grovers 
cells, successively assumes a yellow, red, violet, blue, and gr(;cn 
colour, and becomes again colourless, in order to repeat the same 
series of changes, when the colours appear with less intensity. By 
interrupting the current at the proper time, a definite colour may be 
fixed. 

Carbonate of Teroxlde of Blsmutb. —According to Lefort(2), the 
precipitate produced by alkaline carbonates in either cold or boiling 
solutions of bismuth, when nearly neutral, is represented by the for¬ 
mula BiOg, COg, assigned to it by lleintz. Bicarbonates give rise 
to the formation of a compound BiO.„ COg + HO, which ^loses its 
water at 100^ to 120'\ 

Nitrate of Teroxlde of Blsmiitb. —Glad8tone(3) has found that 
crystallized nitrate of teroxide of bismuth is represented by the 
formula BiO.,, 3 NOr, + 10 HO, a composition, which has been 
confirmed by ncintz^s(4) experiments. It was formerly believed to 
contain 9 equivalents of water only. When cxnosed for several 
hours to a temperature of 150”, it is converted into BiOj, NO ^ + HO; 
at 260”, both water and acid are evolved. 

The decomposition of nitrate of teroxide of bismutli by water has 
been minutely examined by H. Becker(5), He finds that this 
compound, when acted on cither in the dry state, or in the most 
acid solution, is first converted into a salt BiO^, NOg + 2 HO, which 
separates as a curdy precipitate, gradually changing into soft spalcs 
of the lustre of mother of pearl. These crystals, which tinder the 
microscope appear as elongated tables, readily lose a portion of their 

(1) Pogg. Ann. LXXIV, 586 ; Berl. Acad. Bar. July, 1848; Instit. 1849,13. 

(2) Compt. Rend. XXVII, 268; J. Pharm. [3] XV, 25, (mwe in detail). 

(3) Chem. Soc. Mem. Ill, 480; J. Pr. Chem. XLIV; 179} Arcli. Phartn. [2] 
LVII, 40. 

.1. Pr. Chem. XLV, 102. 

(b) Arch. Pharm. [2] LV, 31, 129; Ann. Ch. Pharm. LXVIII, 282, (in abstr.) 
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water; dried at 100“ they contain only half the amount expressed in 
the above formula. Freshly precipitated, this substance dissolves 
pretty easily in water, especially on addition of a few drops of nitric 
acid; this solubility ceases in the presence of a certain quantity of 
the common nitrate. The solution of this compound is very un¬ 
stable, being decomposed, more or less rapidly according to the tem¬ 
perature and the amount of free acid present, into common nitrate, 
free nitric acid and basic products.—When acid and cold, the 
solution soon deposits brilliant prisms, 5 BiOg, 4 NOg + 9 HO, the 
true magisterium bismuthi; the same compound is often formed on 
washing the precipitate produced on the addition of cold water to 
bismuth-solutions. To prepare the magisterium^ according to this 
method, the precipitate is allowed to subside, and after separation of 
the acid liquid, left in contact with water, until the transformation has 
taken ])lacc. Magisterium bismuthi is not perceptibly soluble in cold 
water, which decomposes it but slowly; hot water extracts from it the 
neutral salt and free acid, a residue being left, which, especially after 
continued ebullition, is a dingy white and heavy powder, amorphous, 
when examined under the microscope, and in which from 1 to 2 per¬ 
cent of nitric acid were found .—A concentrated solution of bismut|i, 
when evaporated at high temperatures, sometimes deposits white crys¬ 
talline crusts, exhibiting under the microscope thick six-sided tables, 
and containing 5 BiOg, 4 NOb+ 12 IlO; they are not altered by cold 
water acidulated with nitric acid, which on ebullition converts them 
into needles and prisms, most likely of magisterium ; by the action 
of pure water the same deportment is observed as with the com¬ 
pound BiOg, NOb + 2 ho.— ^By treating the latter substance, or the 
crystallized neutral salt, or any acid bismuth-solution with boiling 
water, or by heating to ebullition an acid liquid with a precipitate 
formed by cold water, short prisms of the compound 6 BiOg, 5 NOg 
+ 9 HO arc formed. They are insoluble in water, which decom¬ 
poses them gradually, but more rapidly than magisterium bismuthi; 
when washed upon a filter, until the washings cease to be acid, the 
residue is found to be converted into larger prisms of the compo¬ 
sition 4 BiOg, 3 NOg + 9 HO.—If the compound BiOg, NOg, 2 HO 
be treated with a large quantity of pure water, a nearly transparent 
solution is obtained, rapidly turning milky, and slowly depositing 
a very soft white powder of the formula 5 BiOg, 3 NOg + 8 HO.— 
Becker extensively discusses the best method of preparing magis- 
krium bismuthi for*the purposes of practice. 

l)iesel(l) has directed attention to the changes of colour, which 

(1) Arch. Vhaioi, [2] Llll, %6. 
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zinc, exhibited by nitrate of teroxide of bismuth, when decomposed 
by heat. 

zinc. —Nickles(l) states that zinc, prepared according to Jac- 
quelain^s method (by distillation in hydrogen gas) presented very 
distinctly the form of pentagonal dodecahedrons j hexagonal forms 
having been previously observed by Noggerath, he considers zinc 
to be dimorphous. 

Protoxide of Zinc. —Brooks(2) found the spec. grav. of pure crys¬ 
tallized protoxide of zinc to be 5*61 to 5‘66.—W. and T. IIera- 
path (3) have examined a specimen of crystallized protoxide of zinc, 
which had been deposited in an earthenware retort, used in the 
distillation of zinc. It formed a spear-like aggregate of small, 
brilliant, transparent, apparently square-prismatic crystals of 5-53 
spec, grav., from which 88*5 to 93 percent of protoxide of zinc were 
removed by acids (without effervescence), a crystalline residue remain¬ 
ing behind, of the composition SuOj,, ZnO. 

Hydrated Protoxide of Zinc. —Nickl^s(4) found that hydrated 
protoxide of zinc, whose formula HO, ZnO he corroborates, affects 
right-rhombic forms: ooP.ooPoo.ooPoo.Poo; the angle of oo P 
in the macrodiagoual principal section was fomid to be 63^ 30', that 
of P 00 in the same section 120® 41'; spec. grav. 3’677. 

Halts of Protoxide of Zinc. —^The precipitates produced by hydro- 
sulphuric acid in solutions of zinc, dilute and insufficiently acidulated, 
have been examined by Ricgel(5). 

Carbonate of Protoxide of zinc. —‘A boiling zinc-solntion, when 
mixed with a solution of carbonate of potassa or soda, yields, accord¬ 
ing to Lefort(6), a precipitate of 8 ZnO, BCOg + GHO; he docs 
not state at what temperature the compound was dried. The 
precipitate produced by bicarbonate of potassa or sSda, in cold solu¬ 
tions of zinc, contains 3 ZnO, COj + OUO. 

Snlptaate of Protoxide of Zinc and Potassa. — According to 
Miller^s(7) determination the crystals of sulphate of protoxide of 
zinc and potassa are monoclinometric: oo P . OP. oo P2. + P oo . —P, 
combined'with a clinodiagonal domaj orthodiagonal: clinodiagonal: 
principal axis == 0*744 : 1 : 0*539; the angle fonned by the two 

(1) Ann. Ch. Phys. [3] XXII, 37; J. Pham. [3] ^III, 18; Pogg. Ann. LXXIV, 
442. 

(2) Pogg. Ann. LXXIV, 439. 

(3) Cheni. Soc. Qu. J. I, 42. 

(4) Ann. Ch. Phy». [3] XXII, 31 j J. Pham. [3] XII, 406. 

(5) Arch. Pharm. [2] LVI, 154. 

(6) J. Pham. [3] XI, 329; J. Pr. Chem. XLI, 126. 

<: ■ Chem. Soc. Mem. Ill, 391 j Phil. Mag. [3] XXXI, 540. 
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latter = 79°38'; oo P ; oo P in the orthodiagonal principal section 
= 106W, 00 P 2 : 00 P2 = 66056', + P oo : OP = 150»6'. 

Selenite of Protoxide of zinc. —^According to Wdhler's(l) expe¬ 
riments, a concentrated solution of selenious acidj when acted on by 
metallic zinc, yields selenide of zinc, free selenium and quadriselenitc 
of protoxide of zinc ZnO, 4 ScOj + 3 HO, which very slowly crys¬ 
tallizes from the filtrate, when concentrated to a certain extent at 
a gentle heat, and exposed to spontaneous evaporation, as the 
concentrated solution is decomposed by heat. It forms large, yellow 
oblique rhomboidal columns which are permanent in the air, and easily 
soluble in water, forming an acid solution, which, on application of 
beat, is decomposed into selenious acid and neutral selenite of pro¬ 
toxide of zinc, which separates. 

Nitrate of Protoxide of Zinc. —Gcrhardt(2) states that he has 
obtained a basic salt of the composition 4 ZnO, NOg -j- 3 HO, which 
was crystallized in prismatic needles. 

Cadmium. Hydrated Protoxide of Cadmium has been obtained 
by Nicklcs(3) in the reaction of ammonia upon cadmium, which was 
in contact with iron. He found, approximately, the composition 
HO, CdO. 

Carbonate of Protoxide of Cadmium, of the composition 2 (CdO, 
CO 2 ) + HO, is obtained, according to Lefort(4), by adding an 
alkaline carbonate to a eadmium-solution. The water is expelled only 
between 80” and 120 ”. 

Sulphate of Protoxide of Cadmium has been prepared by Kuhn(5). 
It was deposited in hard crusts of an indistinct crystalline structure, 
from a solution containing an excess of sulphuric acid, and was 
found to contain CdO, SO 3 + HO j a basic salt of the composition 
2 CdO, SO 3 + HO, was produced by decomposing a third of the solu¬ 
tion of sulphate, by means of potassa, and continuously boiling the 
precipitate which was formed with the remainder of the solution. 

Tin. Salts of Protoxide of Tin. —Bouquet( 6 ) has examined 
several salts of protoxide of tin .—Sulphate of protoande of tin^ 
SnO, SO 3 , crystallizes in small plates, from a hot saturated solution 

(1) Ann. Ch. Pharm. LXIII, 279. 

(2) J. Pharm. [3] XII, 61. 

(3) Ann. Ch. Phys. [3] XXII, 31; J. Pharm. [3] XII, 406. 

(4) Compt. Kend. XXVII, 268; J. Pharm. [3] XV, 20, (in detail). 

(5) Arch. Pharm. [2] L, 286. 

(6) From the “ Recueil des Travaux de la Soci^t^ d’Emulation pour les Sciences Phar- 
maccutiqnes,” Janvier, 1817, 3, in J. Pbann. [3] XI, 459 ; Ann. Ch. Pharm. LXIV, 
278, (in abstr.) 
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of freshly precipitated protoxide of tin in dilute sulphuric acid. 
It is very soluble in water; the solution soon becomes turbid, a 
basic salt being deposited, which is rcdissolved by addition of a few 
drops of sulphuric acid. It forms crystallizablc double compounds 
with the sulphates of potassa and ammonia; when ignited, binoxide 
of tin remains behind.— Hyposulphate of protoxide of tin can be 
obtained in solution only; when concentrated in vacuo^ protosul¬ 
phide of tin is separated.— Tartrate of protoxide of tin, 2 SnO, 
Cg H 4 OjQ, may be easily prepared by adding a boiling solution 
of tartaric acid to a concentrated solution of protoxide of tin in 
acetic acid, until crystallization commences; the crystals, which 
appear to be rectangular prisms, are soluble in water, which does 
not decompose them even at the boiling temperature; the solution is 
not precipitated by ammonia.—Protoxide of tin forms crystallizablc 
double salts with the bitartrates of potassa and ammonia.— Oxalate 
of protoxide of tin, SiiO, CgO-j, is prepared like the tartrate; it 
forms brilliant needles, which are insoluble in cold water, and 
partially decomposed on ebullition. This salt dissolves in alka¬ 
line oxalates, double compounds being produced, which may be 
obtained, likewise, by treating alkaline binoxalatcs with hydrated 
protoxide of tin. The potassa-double salt SnO, Cj O 3 + KO, 0.^ 
- 1 - no forms large cry.stals, which appear to belong to the rhombic 
system. The ammonia-double salt is isoraorphous with the former; 
when heated it fuses and detonates.—^I'hc soda-double salt is anhy¬ 
drous and crystallizablc. All these double salts arc soluble in water; 
the "sblutions becoming turbid after some time, and immediately on 
ebullition. Bouquet adduces that, in addition to the above, he has 
prepared the citrate, phosphate, and carbonate of protoxide of tin; 
he did not succeed in obtaining the acetate in the crystalline state. 

Protociiiorldc of Tin. —For preparing tin-salt (hydrated proto- 
chloridc of tin) N 6 llner(l) recommends to expose, in stone-ware 
receivers, granulated tin to the action of hydrochloric acid, as it 
is disengaged from the retorts, and to evaporate the concentrated 
solution of protochloride obtained in this manner in tin pans which 
are protected by granulated tin. 

Binoxide of Tln.^ —R. E. Brown(2) has found that stannate of 
soda is formed by boiling a mixture of tin, carbonate of soda, and 
indigo, when the latter is dissolved; he farther states that the same 
salt is obtained by boiling a solution of soda with tin and protoxide 
of lead, metallic lead being separated. 


(l) Ann. Ch. Pharm. LXIIl, 120. 


(2) Chem. Gaz. 1847, 00. 
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Mtannic Acid and mctastannlc Acid. —Frcmy(l) had asserted that 
the two modifications of binoxidc of tin, the normal one (stannic 
acid, obtained by the decomposition of the bichloride) and the 
anomalous one (mctastannic acid produced by the action of nitric 
acid upon tin) have dificrent equivalents, the former being 
represented by SnOg, the latter by SogOg. This result had been 
obtained by the analysis of the potassa- and soda-compounds, 
which are formed by boiling mctastannic acid with an alkali, and 
precipitating the solutions thus obtained by alcohol. He now 
finds that his former experiments were made with mixtures, the 
metastannates being on ebullition gradually converted into stannates. 
His new method of preparing metastannate of potassa, consists 
in dissolving mctastannic acid in a cold dilute potassa-solution, and 
adding solid potassa, when the compound is separated as a white 
granular precipitate. When dried on a porous porcelain-plate, this 
precipitate is resinous and transparent; it is completely dissolved by 
water, an alkaline solution being formed which cannot be crystal¬ 
lized by evaporation; on addition of an acid a precipitate of me- 
tastannic acid (insoluble in nitric acid) is produced. Metastannate 
of potassa, when heated or left in contact for several days with 
an excess of potassa, is converted into stannate of potassa. Accord¬ 
ing to Fremy, the salt dried at 130'^ contains KO, Sug HO; 

when heated it loses its water and undergoes decomposition. The 
ignited salt yields to water, potassa and a small quantity of metas- 
tannic acid; 100 parts leave 79 parts of metastannic acid. Stannate 
of potassa does not lose its solubility by exposure to a red heat; 
the solution on addition of an acid deposits stannic acid, which is 
perfectly soluble in nitric acid. 

Fremy prepared metastannate of soda by the action of a 
concentrated soda-solution on metastannic acid. The white, granu¬ 
lar crystalline salt is very difficultly soluble in water. At as low 
a temperature as 60“ (when dissolved by ebullition), it is decom¬ 
posed into mctastannic acid and soda. According to an approximative 
analysis, this salt contains 4 H O to NaO, Sog Oig. 

By his analysis of hydrated metastannic acid, Fremy was led to 
the formula Sug Ojo+lOHOj this analysis refers to a substance 
v/hich was perfectly insoluble in ammonia, and which had been dried 
at the ordinary temperature in an anhydrous atmosphere. When 
dried in vacuoy this hydrate became SugOjo-fS HO, when exposed 
for several hours to a temperature of 130“, it was converted into 


(1) Ann. Ch. Phys. [3] XXIII, 393; J. Pr. Chem.XLV, 200, 


Stannic 
add and 
metaatan' 
nle add. 



336 


INORGANIC CHEMISTRY. 


Stuinic 
odd and 
metoatan* 
nic acid. 


Sng OjQ + 4 HO, at 160® into Sog Ojo + 3 HO. The hydrate 
SngOjo+S HO appeared to be of the greatest stability. Thepotassa- 
and soda-conipouiids, which have been mentioned, are formed by 
the substitution in this compound of one equiv. of alkali for one 
equiv. of water. (Stannic acid, to which Fremy assigns the for¬ 
mula Sn Oq, ho, when dried in vacuo, exhibits exactly the same 
percentage as the hydrate of metastannic acid in question). Mc- 
tastannates, when precipitated with acids, yield metastannic acid, 
which is insoluble in nitric acid, but has the peculiar property of 
dissolving in ammonia. 

The two modifications of binoxide of tin have been studied 
likewise by H. Rose(l). He calls binoxide a, the modification to 
which Fremy assigns the name of stannic acid, and which is 
obtained by precipitating with ammonia a solution of bichloride or 
hydrated bichloride of tin (the analysis of H. Rose confirms the 
formula of Lewy, who had found SnCla+S HO for this compound). 
Fremy^s metastannic acid is designated by Rose binoxide b. 

Binoxide a dissolves in cold hydrochloric acid, both dilute and 
concentrated. Binoxide b is insoluble in hydrochloric acid, even on 
application of heat; it dissolves, however, when heated with the acid 
upon addition of water. 

The solution of bichloride of till or hydrated bichloride {i.e. of 
binoxide a) is not precipitated by dilute sulphuric, hydrochloric, 
nitric, or arsenic acids ; not even after some time. Phosphoric 
acid (tribhaic, which precipitates the yellow silver-salt) produces, 
after some days, a colourless jelly. With arsenious acid a consi¬ 
derable precipitate is formed after some time. Only when diluted 
with a considerable excess of water, is the solution of bichloride of 
tin precipitated by dilute sulphuric acid; thisyirecipitate is imme¬ 
diately redissolved on addition of hydrochloric acid. 

The hydrochloric solution of binoxide b yields a strong 
precipitate on addition of dilute sulphuric acid, even in the presence 
of large quantities of hydrochloric acid; this precipitate contains 
both-binoxide of tin and sulphuric acid, which latter can be removed 
completely by warm water, when binoxide b is left with its original 
properties; when treated with hydrochloric and nitric acids, it is 
dissolved* after addltion^of water, the solution yielding after some 
time a strong deposit.—^The solution of binoxide b in the smallest 
possible quantity of hyd'rochlorie acid, is not affected by phosphoric 


(1) Berl. Acad. Ber., June, 1848; Fogg. Ann. LXXV, 1; J. Pr. Chetn. XLV, 76; 
Ann. Ch. Fbarm. LXVIII, 272; Instit. 1848, 400; Chem. Gaz. 1848, 377. 
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acid; with arsenic acid, a copious white precipitate is formed after 
the lapse of 12 hours. 

Uotli modifications a and h are precipitated on ebullition of their 
solutions in acids, especially in hydrochloric acid, when sufficiently 
diluted; binoxide of tin is thus perfectly separated, the more rapidly 
the smaller the quantity of free acid which is present. The precipi¬ 
tates produced both by ebullition and by addition of ammonia, are 
of the same modification as the binoxide which had served in the 
preparation of the solution. 

Addition of tartaric acid prevents the precipitation by ammonia of 
the hydrochloric solution of binoxide a; with a solution of binoxide A 
this is not the case. The solutions of both modifications are precipi¬ 
tated by an excess of nitrate of protoxide of silver; the precipitate is 
perfectly soluble in an excess of ammonia if the modification a were in 
solution, 'while in the case of binoxide 6 the binoxide remains, 
chloride of silver only being dissolved. 

Infusion of gall-nuts does not affect a solution of binoxide ff, while 
in a solution of binoxide d a white-yellowish precipitate appears aftei 
some hours. 

Carbonate of potassa prbdhc^s in a solution of bichloride of tin 
(binoxide a), with effervescence,' a very voluminous precipitate, which 
is completely soluble in an excess of the precipitant. The precipitate 
thrown down by carbonate of potassa in a solution of binoxide 6 is 
insoluble in an excess of the precipitant.. 

Hoth modifications, a and 6, are soluble iu solutions of potassa 
and soda; the solutions, when freshly prepared, contain the respective 
modifications with their peculiar properties. The solution of binoxide 
d in potassa, when mixed with an excess of potassa, yields a precipitate, 
which disappears on addition of water. When dried at 100°, this 
precipitate contains, according to Weber, KO, Sn^ Oj 4 + 3 HO. 

Solution of bichloride of tin, which had been prepared six years, 
exhibited the reactions of binoxide 6; in another specimen, which 
had been prepared only two years previously, the transformation had 
not been pcrfeolly accomplished. 

If so large a quantity of hydrochloric acid be added to a solution of 
bichloride of tin that it ceases to be precipitated on ebullition, the 
solution, after having been boiled for some time, shows the reactions 
of binoxide h ; a solution of bichloride of tin, when mixed with potassa 
until the precipitate formed is perfectly redissolved, after standing for 
some time, exhibits the same deportment. 

It is very probable that there are other modifications of binoxide 
of tin than a and b. In Rose’s opinion, native binoxide of tin and 
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ignited binoxide have to be considered as a peculiar modification, 
with which the product obtained by fusing binoxide of tin with 
alkaline carbonates, appears to be identical. Hose is not inclined 
to ascribe to different capacities of saturation the differences exhibited 
by the two modifications a and b. 

licsd.—Lefort(l) states that the precipitate obtained by addition 
of an alkaline carbonate to a boiling lead-solution, contains 3 PbO, 
2 COg, HO; the compound PbO, COg could be obtained only by 
precipitating in the cold. 

The precipitate obtained by addition of iodide of potassium to a 
solution of tribasic acetate of lead i.s, according to Kuhn^8(2) experi¬ 
ments, Pbl + PbO + HO. Denot had assigned to it the formula 
PbI + 2PbO. In a boiling solution of iodide of lead, ammonia 
produced a white precipitate, turning yellow when slightly heated, 
and approximating to the composition Pbl + 3 PbO + HO. According 
to Kuhn(3), freshly precipitated sulphate of protoxide of lead, when 
treated with ammonia, is converted into 2 PbO, SO,^. 

Iron. —By treating cast iron with dilute sulphuric acid, Sand- 
rock(4) did not obtain any compound which could have been desig¬ 
nated as organic; the volatile products of this reaction were found to 
consist of hydrogen, arsenietted and phosphoretted hydrogen, 
hydrosulphuric and sulphurous acid; the graphitic residue did 
not yield any humus-like body to potassa, which extracted sesquioxide 
of iron and silicic acid, the former being soluble in potassa by the 
cooperation of the latter. 

The fact that iron is rapidly oxidized (with increase of volume) 
by the infiuence of saline solutions, especially of urine, has been 
established by observations of Persoz(5). 

Carbonate of Protoxide of Iron. —Glasson(6) haft ascertained that 
in the distillation of spathic iron (air being excluded) carbonic acid 
and carbonic oxide arc evolved in nearly the proportion of 5:1, and 
that the residuary proto-sesquioxide of iron contains Fe 2 03 -f -4 FeO. 

Sesquioxide of Iron.— ^The spec. grav. of artificial sesquioxide of 
iron has been determined by H. Rose; when ignitei over a spirit- 
lamp, it showed the spec*, grav. of 5*17, while it was found to be 
5*04 after exposure in a charcoal-fire. At the tcmpcratiu*c of a 
porcelain-furnace the sesquioxide fused, but was found to have been 


(1) Compt. Rend. XXVII, 268; J. Pharm. [.3] XV, 26, (in detail.) 

(2) Arcli. Pharm. [2] L, 281. (3) Ibid. 284. (4) Ibid. LIV, 1. 

(5) Ann. Ch. Phys. [3] XXIV 506; J. Pharm. [3] XV, 105. 

(6) Anti. Ch. Phann. LXIl, 89; J. Pr. Chem. XLIV, 119, (in ahslr.) 
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partially reduced to protoxide. According to G. Rose(l), the 
spec. gray, of the native sesquioxide (specular iron ore) is 5‘19 to 
5-23. 

Phosphate of Protoxide of Iron. —Iron nails found in the'stomach 
of an ostrich, which were partly surrounded by black animal matter, 
when exposed for several days to the action of the atmosphere, 
exhibited peculiar blue stains, which Schlossbcrgcr(2) ascertained 
to be due to the presence of tribasic phosphate of protoxide of iron 
(vivianitc).—The occurrence of crystallized vivianite in the bones of 
the skeleton of a miner, which had been found iii an old mine of 
Tarnowitz, has been observed by Haidinger(3). 

haiphatc of ProtocKide of Iron. —The precipitate which deposits 
from a solution of sulphate of protoxide of iron, when exposed to the 
atmosphere, contains, according to Wittstcin(4), when dried at 
100", 2 h’e.j O3, 3 SOg + SHOj (Berzelius had adopted the formula 
2 O3, SO3 + 6 HO). 

Jacquelain(5) has announced the existence of three, hitherto 
unknown compounds of sulphuric acid with sesquioxide of iron; 
these compounds are Peg O3, 3 SO., 4- 10 HO, (this is the formula 
of the mineral coquimbitc), Fcg O.,, 4 SO3 + 12 HO, and 5 Pcj 0„ 
32 SO., 4- 26 HO. Details are still wanting. 

Nickel. Protoxide of Nickel. —Genth(6) has more accurately 
determined the spec. grav. of crystallized protoxide of nickel, for 
which he had formerly obtained the number 5*745; according to his 
new experiments it is 6‘605. 

Carbonate of Protoxide of Nickel. —^The apple-green precipitate 
produced by an alkaline carbonate in a cold nickel-solution, contains 
according to Lefort(7) 5 NiO, 2 COj 4- 8 HO; the precipitate ob¬ 
tained with bicarhonates which has a similar colour, is 3 NiO, 2 CO3 
-P 6 HO; the grass-green precipitate formed on ebullition was 
found to have the composition 5 NiO, COg 4- 5 HO; the same 
compound is obtained by boiling one of the preceding precipitates. 

Copper. —Regarding the diffusion of copper, especially its exis¬ 
tence in mineral waters, the reader is referred to the Report on 
Mineral Waters. 

(1) Pogg Ann. LXXIV, 440; J. Pr. Chero. XLIV, 230; Berl. Acad. Ber. April, 1848; 
Jiist.it. 1848, SCO. 

(2) Ann. Ch. Pharra. LXII, .382. 

(3) Her. di’r Freunde dcr Naturwissensch. in Wien, IV; J. Pr. Cliem. XLIV, 181. 

(4) Report. Phnvm. [3] I, 185. (5) Compt. Rend. X^IV, 441. 

(6) Pogg. Ann. LXXIV, 439. 

(7) Compt. Rend. XXVII, 268 ; J. Pharm. [3] XV, 21, (in detail). 
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Hydrated daboxide of Copver. —According to the expciiinents of 
Fremy(l), yellow hydrate of suboxidc of copper (obtained by preci¬ 
pitating a solution of subchloride of copper iii hydrochloric acid by 
means of carbonate of potassa or soda), is soluble in all acids, even 
the weakest, a salt of suboxide being produced. When rendered 
anhydrous, and even in the presence of water under conditions 
which are not sufficiently studied, it loses its basic properties and is 
decomposed by acids. 

Hydrated Protoxide of fJopper, when precipitated from a cold 
solution of the sulphaite by a large excess of potassa and dried %n 
vacuo, has been found by Prcniy(2) to contain CuO + 2 IIO. 

Nitrate of Protoxide of Copper.— Glad8tone(3) found in accord¬ 
ance with Graham^s statements, that the prismatic nitrate of copper, 
which crystallises at 20®, contains 3 equivs. of water (Gerhardt bad 
found 4 equivs.) The basic salt obtained by heating the former, was 
found to contain 4 CuO, NOg + 3 HO, in conformity with Ger- 
hardt’s analysis. The same composition is assigned by Kulin(4) 
to a salt, which he prepared by incompletely precipitating with 
ammonia a cold solution of the neutral nitrate. 

Mixed Vitriols.— Lcfort(5) has examined several mixed vitriols of 
the composition CuO, SO,, + 3 (FeO, SO 3 ) + 28 HO and CuO, SO., 
+ 3 (ZnO, SO 3 ) + 28 HO. Nickles(Gj, in studying the crystalline 
form of these compounds has confirmed the previously known fact, 
that it is the same as that of sulphate of protoxide of iron with very 
simple combinations. 

Mereiiry.— Svanberg(7) has vainly tried several new methods for 
determining the equivalent of mercury; he has communicated details 
only respecting the decomposition of protochloride of mercury by 
means of lime at high temperatures, and in Ihi atmosphere of 
hydrogen; he determined the amount of mercury obtained from a 
known weight of protochloridc. He arrived in this manner at the 
numbers 99.79, 99’86 and 99*94 j he believes, that these experiments 
prove, at all events, that the equivalent of mercury is not below this 


(1) Ann. Ch. Phys. [3] XXIII, 391; J. Pr. Chetn. XLV, 198. 

(2) Ann. Ch. Phys. [3] XXIII, 388 ; J. Pr. Chein. XLV, 195. 

(3) Chem. Soc. Mem. Ill, 480} J. Pr. Chem. XLIV, 179; Arch. Pharm. [21LVII, 40. 

(4) Arch. Pharm. [2] L, 283. 

(5) Ann. Ch. Phys. [3] XXIII, 95; Compt. Rend. XXVI, 185; J. Pharm. [3] XIV, 

15; J. Pr. Chem. XLV, 106. . u j i 

(6) Ann. Ch. Phys. [3] XXIII, 104 ; J. Pr. Chem. XLV, 113. 

(7) From the Memoirs of the Stockholm Academy for 1845, in J. Pr. Chem. XLV. 
468; Chem. Gaz. 1849,135 (in abstr.). 
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numoer. (Erdmann and Marchand had ascertained it to be 
100*07). 

H. Kopp(l) found the spec. grav. of pure mercury at 0® to be 
13*.595 (water at 4® = 1); the experiments of B.egnault(2) had 
given the number 13*596. 

Mercury.componnds. —Laurent(3) has published a synopsis of the 
formula*, representing, according to his views, the various compounds 
of mercury. We cannot reproduce this synopsis, and limit our¬ 
selves to indicating the principle on which his classification is based. 
The mcrcury-compounds are considered as corresponding to simple 
compounds, f. i., of potassium or ammonium, in which certain equiva¬ 
lents arc replaced by mercury. Mercury is stated to enter into com¬ 
bination with two different equivalents, representing as it were two 
difievent metals j the metal of the equivalent 100 is designated by 
the term mercuricum, while that of the equivalent 200 is called 
mercurosum. According to Laurent’s view, a simple compound of 
ammonium may serve as type of many mcrcury-compounds, if we 
imagine 1 (sometimes also 1^) 2, 3 or 4 equivalents of hydrogen to be 
replaced by a corresponding number of equivalents of mercuricum or 
mercurosum^ while arsenic or phosphorus is substituted for nitrogen j 
1 equivalent of mercury can, however, be substituted for 1 equiva¬ 
lent of ammonium also. (The question arises, whether ammonium be 
capable of replacing the hydrogen in ammonium, when in the chemical 
acceptation of the term the whole becomes equal to part of it ?) 

Deiiortmcnt of McirciiiT-Solutlons with zinc. H. Rose(4) finds 
that mercury is completely precipitated by zinc from the solution 
of the nitrate and the sulphate of the protoxide, provided the 
formation of basic salts be prevented by the addition of sul¬ 
phuric or nitric acids. The mercury which is thus separated does 
not combine with the zinc. The same deportment is observed 
in the action of zinc upon protochloride of mercury. In the 
presence of hydrochloric acid, zinc forms an amalgam, and the 
last portions of mercury are precipitated only after a considerable 
time. The action of hydrochloric acid upon zinc is readily inter-: 
rupted by the addition of protochloride of mercury, when amalgama¬ 
tion ensues at once. Dilute sulphuric and nitric acids produce the 
same effect in a solution of protochloride of mercuiy as hydrochloric 


(1) Fogg. Ann. LXXII, 18. * 

(2) Ann. Ch. Phys. [3] XIV, 236; Relation, &c. (see p. 52), 158; Fogg. Ann. 
LXXIV, 210. 

(3) Compt. Rend. XXIV, 222. 

(4) Fogg. Ann. LXX, 311; Beil. Acad. Bcr., January, 1847, (in abstr.) ; Ann. Ch. 
Fharm. LXIV, 273 ; J. Pr. Chem. XL, 308 ;-l’hil. Mag. [3] XXX, 290. 
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acid.—Subchloridc of mercury, even in the freshly precipitated state, 
and sulphate of the suboxide (when suspended in water), are not 
completely decomposed by zinc w'hile, from a solution of the nitrate 
of the siiboxide, the metal is perfectly separated. 

Nitrate of snboxldc of Mercury. —Gerhardt(l) has examined the 
compounds of mercury with nitric acid. The vapour of hyponitric 
acid, when acting upon mercury, gives rise to the formation of nitrate 
of the suboxide, binoxide of nitrogen being evolved. He confirms 
the formula Hg^jO, NO5 + 3 HO for this compound. On boiling 
this salt with a small quantity of water or nitric acid (the evaporated 
acid being replaced by water), a solution is obtained whicli deposits./ 
on cooling, small brilliant oblique rhombic prisms, of the composition 
3HgjO, NO. + HO; by ebullition with a large quantity of water, 
a yellow salt is produced, which contains probably 3 NOn* 

The crystalline nitrate of the suboxide yields, on heating, a yellow 
salt, which is the basic compound, Hg20, 3HgO, NO5, described by 
Brooks. Gcrhardt denies the existence of the salt 6HgO, NO^, 
which has been mentioned by Kane. 

protiodide of Mercury. —^According to Mohr's(3) experiments, the 
conversion of iodine and mercury into iodide, when moistened with 
alcohol and triturated together in equal equivalents, is not com¬ 
plete; the mass which is produced contains free iodine, which is 
evolved in the water-bath, and suboxide of mercury; by sublimation 
it is converted into protiodide and metallic mcrcuiy. 

Ilcconiitosltlon of Subchloridc of Mercury —It has been observed 
by A. Vogel jun.(3), that subchloride of mercury, when heated 
with water and carbonate of lime (or carbonate of magnesia), is 
converted into suboiddc of, and metallic, mercury, with formation 
of chloride of calcium (or chloride of magnesiunj), and evolution of 
carbonic acid. The carbonates of baryta and strontia, act in the 
same manner, but less energetically.—On ebullition of subchloridc 
of mercury with powdered sulphate of lime, small quantities of 
chloride of calcium, and sulphate of suboxidc of mercury ai*c 
formed. Glauber’s salt has the same effect. 

ncportmeiitof Chioramldc of Mercury*—Ko8mann(4) has examined 
the action of several acids and acid salts upon this compound (in¬ 
fusible white precipitate HgCl -f HgNH2). A solution obtained by 
boiling this substance with very dilute sulphuric acid, deposited 

(1) Comut. Rend. XXVI, 432; J. 1‘hiinn. [.3] XIII, 465. 

(2) Arch. Vhariti. [2] l.V, 29. 

(3) Report. Pharm. [3] 1, 34 . 

(I) J. 1‘harin. [3] XIV, .321; J. Pr. Chem. XLVI, 81. 
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on evaporation white foliated crystals of the formula 2 (HgO, SO 3 ) 
+ NH 4 Cl + HgCl, sulphates’of ammonia and protoxide of mercury 
remaining dissolved. The crystals lost their HgCl by treatment 
with ether: under the influence of water they became yellow with 
formation of a basic sulphate.—^Very dilute nitric acid, when cold, had 
but little action on the white precipitate, which was however dis¬ 
solved on heating; on evaporation a copious crop of foliated crystals 
was deposited, presenting the lustre of metallic silver and contain¬ 
ing 4IIg Cl + NH 4 O, NO- j they were insoluble in water, and lost 
a large quantity of llgCl, when treated with ether. On farther 
evaporation the mother-liquid yielded small oblique prisms of metallic 
lustre, which were found to be a mixture of a little protochloride with 
a large quantity of nitrate of protoxide of mercury and ammonia.— 
Equal parts of the white precipitate, of chloride of sodium, and 
hydrochloric acid, when heated with 15 times their amount of water, 
yielded a solution which deposited, first, chloride of sodium, and then 
four-sided plates of metallic lustre, soluble in water, having the 
composition 2 IlgClH- NH 4 Cl + 4 Na Cl.—On boiling the white pre¬ 
cipitate with double the weight of binoxalate of potassa in a sufficient 
quantity of water, carbonic acid was evolved, with formation of an 
insoluble residue of oxalate of suboxide of mercury; tho solution, 
when exposed to solar irradiation, immediately deposited subchloride 
of mercury.—When the white precipitate was treated in a similar 
manner, with three parts of bitartrate of potassa, carbonic acid was 
likewise disengaged; the solution deposited, on cooling, several 
salts of different appearance, the composition of which was not 
sufficiently investigated.—On ebullition with acetic acid, subchloride 
of mercury was immediately precipitated with evolution of carbonic 
acid; the solution yielded, on evaporation, yellow crystalline crusts, 
vrhich blackened on exposure to light, and contained 72*9 per 
cent of mercury, and 13*0 per cent of chlorine; Kosmann, con¬ 
siders them ^s an acUate sewhasique de chlorure amido-^mercurique 
+ 12 HO.—^Treatment of the white precipitate with sulphate of 
quinine and very dilute sulphuric acid, gave rise to the formation 
of indistinct crystals which, after recrystallization from alcohol, are 
stated to have been 6 quinine, 12 SO 3 + HgO, SO 3 + NH4O, SO 3 
+ HgCl. 

silver.—L. Kes 8 le*r(l) recommends to employ acetate of protoxide 
of iron for the purpose of precipitating metallic silver from solutions 
containing lead and copper; this salt effects a complete reduction. 
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(1) J. Pharm. [»] XI, 86. 
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while the sulphate invariably leaves small quantities of the metal in 
solution. Solutions, to be precipitated in this manner, should be 
very dilute, and as free as possible from an excess of acid .—A pm’c 
silver-solution, when precipitated by acetate of protoxide of iron, 
yields, according to Mohr(l), a dazzling white acetate, soon exhibiting 
dark spots, from which the reduction rapidly proceeds through the 
wJiole mass; from a solution containing copper and free nitric acid, 
the silver is at once precipitated in the metallic state. Of all the 
methods proposed for the decomposition of chloride of silver, Mohr 
considers the reduction by means of metallic zinc as most advan¬ 
tageous. With respect to Gregory’s method, which consists in 
converting the chloride into oxide by boiling with a concentrated 
solution of potassa, he remarks, that frequently a portion of the 
chloride agglutinates, whereby the decomposition is prevented; he 
states that^this may be best avoided by introducing the chloride, 
suspended in a small quantity of water into the boiling, solution of 
potassa. lie confirms the complete deconqiosition of chloride of 
silver by boiling with a solution of potassa and sugar, as communicated 
by Levol. J3y this method, the metallic silver could be easily 
obtained in dense and heavy masses, from which the liquid could 
be rapidly decanted. 

According to Malaguti and Durocher(2), various sulphides and 
arsenides arc capable of decomposing chloride and bromide of silver. 
The change takes place more rapidly if the silver-compounds are 
in solution than by contact under water only. They state that the 
decomposition takes place in the following proportions : 

lUOZuS ,3AgCl; 100 BiSj 2AgCl; 100 SnS fAgCl} lOOCuaS 360AgCl; 
lOOCdS 14 „ 100 PbS 5 „ lOOSuSjSO,, lOOSbAV 120 „ 

KX) parts of arsenide of cobalt were found to decompose 166 of 
chloride of silver. The same compounds, when occurring as 
minerals, exhibited very different faculties of decomposition, accord¬ 
ing to the places in which they had been found. Bromide of silver 
w as decomposed to a certain extent, iodide not perceptibly. 

Chloride of Silver. —Pierre^S) has accurately determined the 
solubility of chloride of silver in hydrochloric acid. According to 
his experiments, one part of chloride of silver ^requires not more than 


(1) Ann. Ch. Pharm, LXVI, 65; Arch. Phaim. [2] LIV, 16. 

(2) Compt. Rend. XXV, 160 ; Arch. Pharm. [2] LIII, 321. 

(3) Prom " Kecucil dcsTravaux de la Soci^te d'Emulation,’” (comn. p. 333), Avril, 
1R4 j, 107, in .1. Pharm. [3] XTI, 237. 
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200 parts of hydrochloric acid when concentrated^ and not more 
than 600 parts when diluted with double its weight of water. 

Gold. —According to C. T. Jackaon(l), gold is obtained in the 
form of a yellow, soft sponge, by adding to a concentrated solution of 
gold a small amount of oxalic acid, and then a quantity of carbonate of 
potassa, sufficient to keep nearly the whole of the metal in solution, 
as auratc of potassa. On addition of crystals of oxalic acid and 
ebullition, the gold separates in the metallic state. 

Teroxido of Gold. —Figuier(2) recommends as the best method 
for preparing teroxide of gold, to mix a solution of gold, from 
which, by repeated evaporation and re-solution the excess of'acid 
has been removed as far as possible, with potassa, i^itil the solution 
has a strongly alkaline reaction. To this solution chloride of barium 
is added, until the precipitate, which is yellow in the beginning, 
assumes a whitish colour. The precipitate of aurate of baryta is well 
washed, and decomposed by boiling for some minutes with dilute 
nitric acid, when teroxide of gold separates, which after washing 
must be protected from light whilst drying. 

Sulphide of Gold andSulphlde of Potassium and Sodium. —Yorke(3) 
has examined the compounds of sulphide of gold with the sulphides 
of potassium and sodium. He found that a bright-red heat is 
necessary for producing these compounds from gold, alkah and 
sulphur; that if equal equivalents of gold and alkali be heated with 
tliree or four equivalents of alkali, about half the quantity of gold 
forms a compound soluble in water, and that the best proportions for 
obtaining the whole of the gold in the form of this soluble compound, 
are 1 equiv. of gold, 2 cquivs. of alkali, and 8 equivs. of sulphur. 
By fusing gold with sulphur and soda, a product was obtained, 
yielding with water a yellow solution, which, when protected from 
oxygen during filtration, and evaporated over sulphuric acid in vacuo, 
deposited yellow crystals. These crystals, which became colourless 
on re-crystallization, belong to the monoclinometric system; they 
were six-sided prisms, exhibiting three or four terminal planes j when 
in contact with atmospheric air, they rapidly turned brown; when 
subjected to the action of heat, water, and afterwards sulphur, was 
evolved. The composition of this double salt is AuS, NaS, + 8 HO; 
it is soluble in water and spirits of wine; the solution yields with 

(1) Sill. Am. J. [2] VI, 187, 

(2) J. Pham. [3] Xll, 401; J. Pr. Chem. XLIV, 187 > Aim. Ch. Phaim. XLIV, 
295, (ill abstr.) 

(3) Chem. Soc. Qu. J. 1, 236. 
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**ofgofd* ® yellowish brown precipitate, whilst a small quantity of hydro- 

ttnd Bill- sulphuric acid is cvplved ; the composition of the precipitate was 
potassjum found to Vary, the quantity of sulphur present for 1 equiv. of gold 
eodium. oscUlating between 1 and 2 equivs. In contact with air, the solution 
gradually decomposed and turned brown. Yorke obtained the same 
double salt by dissolving sulphide of gold, of nearly the composition 
AuS. 2 , (prepared by precipitation of the tcrchloride by hydrosulphuric 
acid), in sulphide of sodium, and crystallizing.—Sulphide of gold, 
when digested at the common temperature with hydrosulphate of 
sulphide of sodium is only sparingly dissolved; at a higher tempe¬ 
rature, the sulphide of gold is reduced.—There exists likewise a com¬ 
pound of sulphide of gold and sulphide of potassium; this salt, however, 
is deliquescent, and crystallizes with difficulty. The solution exhibits 
the same deportment as that of the corresi)onding sodium-compound. 

Class contaiiiiiiK Cold.—11. llosc(l) endeavours to explain the ruby 
colour which is exhibited by colourless glass containing gold, when it 
is heated. He assumes the existence in the colourless glass of a silicate 
of protoxide of gold, which requires for its formation a high tempera¬ 
ture; when exposed to a gentle heat, part of the protoxide is 
separated, which produces the colour; when reduced to the metallic 
state by a higher temperature, it imparts a yellowish-brown colour to 
the glass, which at the same time loses its transparency. An analogous 
deportment is exhibited by glass coloured with suboxidc of copper. 

Platinum. —^According to Pettenkofer*s(2) observations, pla¬ 
tinum is much more diffused, than was hitherto believed ; all the 
silver which has not been obtained by direct processes of separation 
is stated to contain a small quantity of platinum. 

J. Hcss(3) recommends the following treatment of platinum 
ores. The ores are fused with 2 or 3 times th^r weight of zinc; 
the homogeneous brittle mass thus obtained, is powdered, sifted, 
and treated with dilute sulphuric acid, when most of the iron 
and zinc is extracted. The residue is then boiled with nitric acid, 
which removes iron, copper, lead, and sometimes palladium; and 
finally with aqua regia, in which it is easily soluble, on account of 
its high degree of comminution. The solution in aqua regia is sepa¬ 
rated as usual. 

nine Oxide of Platinum.—Platinum, when immersed into fused 
nitrate of potassa as the negative pole of a galvanic battery, forms, 

(1) «crl. Acad. Her,, October, 1847; Pogg. Ann. LXXII, 556; J. I’r. Chem. XLIII, 
75 ; Instit. 1818, 138; Ann. CJi. Pharni. LXIV, 288. 

(2) I'ogg. Ann. LXXIV, 316; Uepert. Pharm. [2} XLVll, 72. 

13) I’ctcrsb. Acad. Bull. V], 80; J. Pr. Chem. XL, 198 ; Am. Cli. l*haim. LXIV, 207. 
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according to Ilittorf(l], a blue oxide. He states, that the blue 
liquid which flows down the platinum, when separated from the 
metal, is rapidly converted into green and yellow oxide, which 
remain suspended in the nitrate of potassa; after cooling and 
absorbtion of moistnre, the green oxide becomes yellow. In nitrate 
of soda the oxidation ensues less vigorously, the blue colour is 
brighter and more brilliant, the blue oxide which is formed gradually 
assumes a yellowish-brown colour. 

UlMuipiiite of Protoxlile of Platinum and Sulphite of Potassa.— 
Claus( 2 ) has observed, that bichloride of platinum and potassium, 
when heated with sulphite of potassa, yields a colourless solution, 
from which, on evaporation, a white precipitate of the composition 
3 (KO, SOo) -f PtO, 2 SO 2 + 2^ IIO is deposited.- Hydrochloric 
acid reconverts it into bichloride of platinum and potassium. 

Halts of Platlnum-Bases and their Deportment. —Peyrone(3) had 
pointed out the existence of several compounds, which, having the 
same composition (Pt NH^ Cl) as the green salt of Magnus, arc 
distinguished from this body by their physical properties; more 
recently he(4) has examined the deportment of these isomeric com¬ 
pounds with a solution of sulphite of ammonia; the analytical 
details of this investigation are still wanting, only the results having 
been, communicated.—Peyrone states, that the green salt of Magnus, 
when boiled with an equal weight of sulphite of ammonia, was converted 
into a white powder PtNg Hy Og, 2 SO 3 + 2 (PtNHgO, SO 2 ) insoluble 
in alcohol and cold water, and scarcely soluble in boiling water. 
By continued ebullition with an excess of sulphite of ammonia, a 
solution W'as obtained from which alcohol precipitated drops of a 
viscid body, solidifying only after being for some time in contact with 
alcohol, and of variable composition^ From the alcohol, used in 
precipitating the viscid body, white flakes were deposited after some 
time, having the composition PtNg H^ O 55 , 2 SO 3 + NH 4 O, SOg.—The 
isomeric modification crystallising in orange-yellow octohedrons was 
more readily attacked by sulphite of ammonia, two compounds being 
formed, namely, Istly, a white powder insoluble ‘in water having 
the same composition as the first substance produced in a similar 
manner from the salt of Magnus; and2ndly, a substance, soluble in 


(1) Vogg. Ann. LXXII, 481; J. Pr. Chetu. XLII, 469, (in abstf.); Ann. Ch. Phann 
LX IV, 248. 

(2) Pctpisb. Acad. Bull. VI, 287; Ami. Ch. Pharm. LXIII, m ; J. Pr. Chem. XLII, 
JIGS; J. Pharm. [S] XIV, 394. 

(3) Ann. Ch. Pharm. LI, 1; LV, 203. (4) Ibid. LXI, 178. 
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every proportion in water, from which it was precipitated by means 
of alcohol in form of oily droplets, gradually solidifying and present¬ 
ing the composition PtN^ H 7 Og, 2 SOj + 2 (NH 4 0, SO^).—The 
yellow modification, which may be obtained in large quantity, by 
gradually pouring at 13^ small quantities of potassa into a solution 
of protochloride of platinum, neutralized by carbonate of ammonia, 
required, when thus prepared, 33 parts of water for solution. If boiled 
for a sufficient length of time with an excess of sulphite of ammonia, 
this modification was converted intoisinall white needles of fatty lustre, 
containing PtNj H 7 Og, 2 SOg + 2 (NH 4 O, SOg) -f- PtNHg Cl 
+ HO.—The yellow modification prepared by reduction, required 
140 parts of water for solution; by boiling, with sulphite of ammonia, 
an excess being avoided, transparent rhombic tables of a com¬ 
pound PtNg H 7 Og, 2 SOg+PtNHg Cl + 2 HO, were formed, whilst 
ebullition with an excess of sulphite of ammonia gave rise to the 
formation of Bockmann^s salt PtNg H 7 Og, 2 SO 2 .—^Thc chlorine- 
compounds obtained by treating the above isomeric bodies with 
ammonia, were converted under the influence of sulphite of ammonia 
in the cold, into a substance crystallizing in four-sided prismatic 
transparent needles, scarcely soluble in cold, but soluble in 190 
parts of boiling water, and containing, w'hcn dried at the ordinary 
temperature, PtNH, 0, SOg -f- PtNg Hg Oj SOg -f 2 HO. When 
boiled, the same chlorides yielded Bock mannas salt, ammonia being 
evolved. 

]lacwsky(l) has examined several compounds, which arc also 
derived from the green salt of Magnus PtNIIgCl. According to the 
temperatm’e and concentration of the liquids, the latter was obtained of 
different colours, but of constant composition on adding ammonia to 
a hydrochloric solution of pigotochloride of plaiiauin.—According 
to the statements of Gros, this compound, when treated with boiling 
nitric acid, is converted into metallic platinum, and a white crys¬ 
talline salt PtNgHgCl 0, NO 5 . Raewsky, on the other hand, finds 
that the separation of platinum is accidental, being due to the use 
of specimens of Magnus's salt, which have been partly decomposed 
by too much heat, and that the salt of Gros is formed only by the 
action of a small quantity of nitric acid. When treated with an 
excess of nitric acid, the green salt is stated to turn immediately 
brown, red vapours being evolved. If the liquid was boiled until 


(l) Ann. Ch. I’hys. [3] XXII, 278 (compl.); Compt. Rend. XXIII, 353, (in abstr.); 
XXIV, 1151; Ann. Ch. Pharni. LXIV, 309; LXVIIl, 316; Gerhardt's Observations, 
J. Phaitn. [3] XIV, 315. 
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the latter ceased to be disengaged^ when the conversion of the green 
salt was complete, the liquid deposited, on cooling, a white gi'anular 
salt, which after repeated solution in warm water, and crystallization pormufnt. 
in vacuof exhibited, when dried at 120®, the composition Pt3N4Hi2C10g, 

2 NOq. The solution of this salt, when mixed with tribasic phos¬ 
phate of soda, yielded (sooner or later, according to the use of boil¬ 
ing concentrated, or cold dilute solution) acicular tufts of a white salt, 
insoluble in cold, and hardly soluble in boiling water, and containing 
Pt2N4lIj2C10{j, HO, POg when dried at 100®, while at 120® to 150® 
the water was lost. By decomposing the nitrate with oxalate of 
ammonia, a white granular powder, difficultly soluble, even in boiling 
water, was separated, which at 120® was represented by the formula 
Pt2N4lIj3C105, 2 CgOg. Addition of carbonate of ammonia, to a 
solution of the nitrate, produced sooner or later, according to the cons- 
ccutration of the solution, a white precipitate, Pt2N4Hi2C105,2 COg (at 
120®). With hydrochloric acid, the nitrate gave a white granular 
precipitate soluble in water, which, at 120® was expressed by the 
formula PtNgHgClO, Cl or Pt2N4Hj2Cl202,Cl2, clearly proving that 
this compound ceases to belong to the preceding series. 

The mother-liquor obtained in the preparation of the nitrate of the 
preceding series, contains, according to Raewsky, another salt, which 
crystallizes only from very concentrated solutions. lie states that, 
after repeated recrystallization in vacuo^ it forms small brilliant needles, 
of the composition Ptg N4 Hjg Clg O4, 2 NOg (or PtNj Hg ClOo, NOg.) 
Potassa-solution bad no action upon this salt in the cold, when boiled, 
it assumed a yellow colour, a precipitate being formed, which, on 
ebullition, dissolved again with evolution of ammonia. A solution 
of silver produced no precipitate. The precipitate obtained by the 
action of hydrochloric acid upon the nitrate of the first series, might 
be considered as belonging to this second series. 

By gradually adding bromine to a pretty concentrated and boiling 
solution of the compound Pt Ng Hg Cl (either the yellow modification 
prepared according to Beiset’s, or the colourless one obtained by 
Peyrone^s method), a crystalline precipitate was immediately pro¬ 
duced j an excess of bromine having been added and expelled again by 
ebullition, crystals were deposited, represented by the formula 
PtNgllgClgBr, which proved that its formation is attended by no 
substitution. This compound was of an orange colour and nearly 
insoluble in cold water; wnth silver-solution it gave a precipitate of 
chloride and bromide of silver. 

The action of chlorine upon a cold dilute solution of Pt Ng Hg Cl 
gave rise to the formation of a yellowish compound, represented at 
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120®, by the formnla PtNg llg Clg, HO j while, in the boiling concen¬ 
trated solution, the yellow chloride PtNg HgCl, Cl of Gros's series, 
which is almost insoluble in water, was produced. 

pal lad I am. Protocliloriae of Palladium and Ammonia.-— Pr6m a 
memoir of N. W. Fischer(l) on palladium, we quote that the red mo¬ 
dification of protochloride of palladium and ammonia PdCl, NIl^ is 
converted into the yellow one by solution in ammonia, and preeipita- 
tion with hydrochloric acid; the yellow crystals, when dissolved in 
boiling hydrochloric acid and reprecipitated by ammonia, assume 
again the red colour. 

Rntlienlum. dulphltc of Protoxide of .Riiiliculnm and Potassium. 

—Sesquichloride of ruthenium and potassium, according to Clan s(2), 
is not dissolved in aqueous sulphurous acid at the common tempera¬ 
ture, its colour only undergoes a superficial change to cream-yellow. 
A solution of this salt, when heated with sulphite of potassa, 
assumed a red colour, and depOvsited a cream-yellow precij)iiate. On 
evaporating to dryness, re-dissolving, and re-evaporating, an additional 
quantity of this precipitate was formed, the licjuid retaining a deep 
orange colour. After repeated evaporations, and re-solutions, at last 
a nearly white precipitate remained, which was, however, not sufficient 
for examination. The cream-yellow compound was KO, SO3 H- RuO, 
SO,. 

Iridium. Sesqulchlorldo of Iridium and Protochlorlde of Silver. 

—Claus(3) states, that nitrate of protoxide of silver produces in 
solutions of sesquichloride of iridium and potassium, a deep indigo- 
blue, flocculent precipitate, becoming paler after a few seconds, and 
ultimately colourless; the supematent liquid is likewise colourless 
and free from iridium. The precipitate contains Irg CI3 + 3 Ag Cl. It 
is insoluble in acids, in contaet,with strong ammoiaia a portion dissolves, 
while the other portion gradually assumes the form of (microscopic) 
rhombohedrons of diamond-lustre.—The above double compound is 
formed at once, without the production of the blue colour, if a boil¬ 
ing solution of the sesquioxide of iridium and potassium be employed. 

Action of Sulphurous AclU and Sulphite of POtassa on Bichloride 
of Iridium and Potassium.— Claus has farther observed, that if finely 
powdered bichloride of iridium and potassium suspended in eight 


(1) Pogg. Apn. LXXI, 4:115 Ann. Ch. Pharm. LXIV, 2C0, (in abstr.) 

(2) Petersb. Acad. Hull. VI, 288; Ann. Cb. Pbarm. LXIII, 359; J. Pr. Chem. XI,II, 
.364; J. Pharm. [3] XIV, 394. 

(3) Petmb. Acad. Bull. VI, 273; Ann. Cb. Pbarm. LXIII, 337 ; J. Pr. Chem. XlJl, 
.348; J. Pliarm'. [3] XIV, .385. 
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times the weight of water, be treated with a current of sulphu- 
rous acid, until a solution of an olive green colour is obtained, the mw 

bichloride is reduced to the state of scsquichloride, sulphuric and of 
hydrochloric acids being formed; admixture of platinum, palla- bichloride 
dium, osmium, rhodium, and ruthenium are left undissolved, and poua- 
Neutralization of the free acid, with a concentrated solution of 
carbonate of potassa, produces at once an olive-green precipitate of 
small prisms, of diamond-lustre, which have the composition Ir^ CI3 
-f 3 KCl -f 6 HO. The same salt, but less easily, is obtained by 
exposing to a dull redness, bichloride of iridium and potassium or a 
mixture of this salt with ^ its weight of carbonate of potassa, and ex¬ 
tracting the product of fusion with water.—^Thc ciystallized salt rapidly 
effloresces in dry warm air, it is easily soluble in water, but insoluble 
in s])irits of wine ; the alkalies decompose it only with difficulty. 
Addition of nitrate of protoxide of silver to the aqueous solution 
precipitates at once Ir, CI3 -f 3 Ag Cl.—The solution of bichloride of 
iridium and potassium, reduced by means of sulphurous acid, and 
from which the largest quantity of the above salt has been precipi¬ 
tated by carbonate of potassa, retains the olive-green colour at the 
ordinary temperature, when heated for some time, it turns red, and 
afterwards bright yellow, various compounds being formed, of which 
mixtures ai’c obtained on evaporation or addition of water to the 
concentrated solution. They can be purified only with difficulty; 

Claus succeeded in isolating a rose-red crystalline salt, an amber- 
yellow compound of turpentine consistency, and a white powder, all 
containing potassa, sulphurous acid, chlorine and protoxide of 
iridium; they are difficultly soluble in water, and evolve, when 
strongly heated, sulphurous acid; in hydrochloric acid they are 
pretty soluble with disengagement of sulphurous acid, easily soluble 
crystalline salts being formed. 

The red salt is prepared by dissolving one part of Irg Clg+S KCl 
-1-6 HO in 12 parts of water, adding ^ a part of carbonate of potassa, 
perfectly saturating with sulphurous acid, and heating in a porcelain 
dish until the olive-green colour is changed to red; the solution 
deposits, after some days, small flesh-colouted or minium-red prisms, 
which are partly decomposed when re-dissolved in water. These 
crystals are more soluble in potassa than in water; the solution, 
bright-red in the cold, assumes a dark green colour on heating, 
which turns again yellow on addition of nitric acid (a small quantity 
of a white precipitate being formed). The crystals contain water, 
which is disengaged at 180^*; when dried in the air, they are Ir^ CI3, 

4- (KO, S02)-1-12 ho. This salt dissolves with a jellow colour in 
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hydrochloric acid ; on concentration, sulphurous acid is disengaged, 
the solution assuming a red colour, and depositing deep-red prisms 
of diamond-lustre, which turn opaque and yellow when moistened 
with water. The red prisms dissolve in water with a yellow colour, 
hut are insoluble in alcohol; they contain water of crystallization, 
which is disengaged only with difficulty at 180®; their composition is 
represeilted by the formula Ir^ CI3, 2 KO, 2 SOj, 2 KCl -f 4IIO ; 
Claus is inclined to consider both the two preceding compounds and 
the following body as salts of protoxide of iridium with a peculiar 
acid, S2 O4 Cl.—Tlie purification of the amber-yellow, turpentine-like 
compound is extremely difficult. Claus succeeded several times, by 
evaporating to a very small volume the mother-liquor of the former 
of the two red salts previously mentioned, decanting from a mixture 
of a white and red salt (vide infra), which is deposited, concen¬ 
trating still further, and adding a considerable quantity of water; 
a whitish-yellow, flocculent precipitate is formed, which collects at 
the bottom of the vessel as a dingy-whitish viscid mass. It is dis¬ 
solved by ebullition, and the solution filtered whilst hot, when the 
compound separates after some days as a beautiful amber-yellow, 
transparent, turpentine-like mass, dcssicating to an amorphous, 
brittle, transparent substance, which yields an olive-yellow powder; 
tips , compound contains 2 IrO, 4 KO, G SOg, Cl.—The formation 
of the preceding compound is attended by that of a white salt; it 
is obtained, though always in small quantity only, by adding a con¬ 
siderable quantity of sulphite of potassa to the solution from which 
the former of the above red salts has been deposited, and evaporating 
to a small bulk, when the white powder is precipitated, which has 
to be washed, until the precipitate produced in the washings by 
chloride of barium, is perfectly soluble in hydrotj^loric acid. The 
white powder is insoluble in water, slightly soluble in potassa; it 
contains 3 S02)-1-Ir0, 2 SOg-ffi HO; dried at 180® it becomes 

anhydrous. Hydrochloric acid dissolves it with a yellow colour; 
the solution d^osits pale-yellow prisms, easily soluble in water, and 
containing 3 KGf^IrO, 2 SO3. 

Osmium. Bisulphite * ef Protoxide of Osminin and Sulphite of 
Potassa— Finely divided bichloride of osmium and potassium, according 
to ClauB(l), is not affected by sulphurous acid in the cold; on heating, 
however, ^decomposition takes place;' the solution assumes a dark 
green colour, black binoxide of dsmium being separated, and deposits 

■o» 

(1) Petersb. Acad. Bull. VI, 28.'); Ann. Ch. Pharm. LXIII, .'}.')5; J. Pr. Chem. XLII, 
361; J. Pharm. [3] XIV, 392 
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after filtration, upon cooling, undtered bichloride of osmium and 
potassium. .A solution of this salt, when heated with sulphite of 
potassa, turns at first dark>, afterwards bright- rose-red, and ulti¬ 
mately colourless, a white powder being precipitated, which is diffi¬ 
cultly soluble, and undergoes decomposition at 180^, when it becomes 
dingy violet. When dried at 100*^, this powder contains 3 (KO, SOg) 
+ OsO, 2 SO3 + 5 HO. Hydrochloric acid converts it* into rf brown- 
red crystalline salt, SKCl-fOsO, SSOg, which is easily soluble. 
In cases of poisoning by osmic acid, Claus recommends the imme¬ 
diate inhalation of hydrosulphuric acid. 

osman-osmic Add.—Fritzsche and Struve(l) have communicated 
the investigation of an acid containing osmium, nitrogen, and 
oxygen, which they consider as osmic acid conjugated with nitride 
of osmium, and for which they have proposed the term osman-osmic 
acid. In the formation of a nitride of osmium, OsN, a decomposition 
should ensue between OSO4 and NHjj Fritzsche and Struye have 
no notion what becomes of the fourth equivalent of oxygen (2). 

The new acid is formed by the aetion of ammonia on osmic acid j 
the potassa-salt is easily formed by addition of ammonia to a solution 
of osmic acid in excess of potassa; the deep orange-yellow colour of 
the solution becomes bright yellow, when the newly formed salt is 
deposited as a bright yellow crystalline powder, either at once, ^r on 
evaporation at a gentle temperature. Osmic acid and ammonia give 
rise to the formation of the new acid also without the presence of 
potassa, but as the animonia-salt is readily decomposed on evapo¬ 
ration, it is advisable to add bases, such as potassa, or protoxides of 
zinc and silver, which form more stable, and less soluble compounds. 
The salts of this acid, with the exception of the salt of suboxide of 
mercury, detonate on heating. The acid may be separated from the 
baryta-salt by dilute sulphuiic acid, from the silver-salt, when still 
moist, by dilute hydrochloric acid; it forms a bright yellow solution, 
which, when dilute, may be kept unchanged for several days j when 
concentrated, however, it .rapidly turns brown, with evolution of 
gas, liberation of osmic acid and separation of a black compound 
containing osmium. An aqueous solution of osman-osmic acid 
decomposes the carbonates, ^and even chloride of potassium; it dis¬ 
solves metallic zinc with a ^ght evolution of gas, being itself partially 


(1) Petersb. Acad. Bull. VI, 81 1 J. Pr. Chem. XLI, 97 i Ann. Ch. Phanu. LXIV, 
263 (in abstr.); J. Pharm. [3] XII, 304. 

(2) This difficulty induced Gerhardt jbo adopt the fomtila, Osi 0, N, U* Pham; [3] 

XII, 304). . 

VOIi. I. ' A A 


Osmium. 

Bisulphite 
of protox¬ 
ide of os¬ 
mium and 
sulphite 
of potassa. 


A A 



354 INORGANIC CHEMISTRY. 

o»m“Sdd. decomposed. Sulphuric, nitric, and hydrochloric acid, do not ^ 
act upon osman-osmic acid iii the cold; when heated the solution 
turns brown, osmic acid being liberated.—The potassa-salt is pre- 
])arcd either as indicated, or by dissolving solid osmic acid in a 
mixture of ammonia and concentrated potassa-solution, when it is 
deposited as a granular precipitate at the same rate as the acid 
dissolves. This salt is deposited from a saturated solution in boiling 
water, in form of square-prismatic crystals P. 2 P oo j principal axis 
for P = 1'1335; lateral cdges=116® 6 '; terminal edges = 10(J“ 16\ 
The composition of this salt is KO, (OsN, OSO4); it may be heated 
to 180®, when it slightly darkens; at a higher temperature it deto¬ 
nates. In the reaction of concentrated hydrochloric acid upon this 
salt, chlorine or an oxide of chlorine is evolved, the solution assumes 
a beautiful purple-red colour, while the crystals of the original salt 
are coated with a layer of two kinds of small red crystals, the 
formation of which increases until the original salt has perfectly 
disappeared. A cold saturated solution of osman-osmiate of potassa 
is not decomposed by dilute hydrochloric acid. On being heated the 
solution exhibits a transient red colouration, and then turns brown, 
M'ith evolution of osmic acid; when boiled until this evolution 
ceases, and evaporated to crystallization, a red salt and two green 
salts arc deposited, the one crystallizing in needles, the other in six- 
sided tables; all these salts appear to be decomposed upon re-solution 
in water, and could not be examined more minutely.—Osman-osmiate 
of soda, prepared by decomposing the siWcr-salt with chloride of 
sodium, is easily soluble, and crystallizes from the syrupy solution 
ill crystals of considerable size, which contain water of crystallization. 
—The ammonia-salt, obtained by treating the silver-salt with chloride 
of ammonium, forms large crystals apparently-^feomorphous with 
those of the potassa-salt; they arc easily soluble in water and alcohol, 
and detonate at 125®.—The baryta-salt was prepared in a similar 
manner, by decomposing the silver-salt with chloride of barium; the 
solution, when evaporated over sulphuric acid, deposits yellow 
brilliant crystals, which arc easily soluble in water, and detonate 
at 150®; composition BaO, (OsN, OSO4).—The zinc-salt, which is 
easily soluble, was not fully examined; it forms a compound with 
ammonia, which is obtained by dissolving osmic acid in an ammo- 
niacal solution of a zinc-salt, or by adding a zinc-salt to an ammo- 
niacal solution of osmic acid, when a bright-yellow crystalline powder 
is separated after a very short time, which is permanent in the air, 
but decomposed by water. Dried in the air its composition is 
ZnO, (OsN, OSO4) + 2 NHg. Cadmium exhibits an analogous 
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deportment.—On addition of nitrate of protoxide of lead to an 
alcoholic solution of the potassa- or ammonia-salt a yellow crys¬ 
talline precipitate is obtained, which darkens during washing, and 
contains probably 2 Pb O, (08N,0b04). Acetate of protoxide of lead 
produces with the osman-osmiates, a precipitate, which, at first 
dingy yellow, turns purple-red after some time; a solution of 
protochloride of lead yields with osman-osmiate of potassa a yellow 
crystalline precipitate, containing equal equivalents of osman-osmiate 
and protochloride of lead. The salt of suboxide of mercury is 
obtained as a bright-yellow amorphous precipitate upon mixing the 
potassa-salt with nitrate of suboxide of mercury j by application of a 
gentle heat it may be volatilized.—By decomposing the silver-salt 
with protochloridc of mercury a solution is obtained, depositing after 
some time prismatic crystals which are rapidly blackened with 
liberation of osmic acid.—Osman-osmiate of protoxide of silver 
AgO, (OsN, O8O4) is prepared by dissolving osmic acid in an am- 
moniacal silver-solution, and adding an excess of nitric acid, or by 
mixing an ammoniacal solution of osmic acid, first with excess of 
nitric acid, and then with a silver-salt, or lastly, by precipitating a 
soluble osman-osmiate with nitrate of protoxide of silver; osman- 
osmiate of protoxide of silver is a yellow crystalline powder rather 
difficultly soluble in water and cold nitric acid, readily soluble in 
ammonia; even when protected from light it blackens after some 
time; it detonates at 80 ^ and by percussion. 
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Ceneralltles. Influence of Time on the Formation of Chemical 
Compounds.— Liebig(l) has investigated the influence of time on the 
formation of chemical compounds. Alcohol, saturated with oxalic acid, 
deposits on cooling a portion of the acid in crystals; if the solution 
be exposed for some time to a temperature of 40 ® to 50 ®, the quan¬ 
tity of crystals deposited on cooling is gradually diminished, and 
after the lapse of several months the solution altogether ceases to 
crystallize on cooling. Long before this point is reached, considera¬ 
ble quantities of oxalic ether, and oxalovinic acid, may be traced 
in the liquid, and the amount of the former ultimately increases 
to such an extent, that it may be separated by addition of water. 
In a similar manner, hippuric acid and alcohol, give rise to the 
formation of hippuric ether. Benzoic acid is not etherified by alco¬ 
hol alone; the transformation, however, ensues on addition of a few 
drops of fuming hydrochloric acid, or of alcohol saturated with 
hydrochloric acid gas. The formation of acetic and cenanthic ethers, 
in old wines, appears to take place in a similar manner. 

Fermentation and Putrefaction. —memoir bit been published by 
Liebig(2) which treats of fermentation, and allied phenomena.^ 

We point out the following of his views and observations. Liebig 
calls putrefaction every process of decomposition which, caused by 
external influences, in any part of an organic compound, proceeds 
throughout its entire mass without the farther co-operation of the 
original cause; fermentation, according to his definition, is the 
decomposition exhibited in the presence of putrefying substances, 
or ferments, by compounds, nitrogenous or non-nitrogenous, which 
alone are not capable of putrefaction. He distinguishes, in both 
putrefaction and fermentation, processes in which., the oxygen of the 

(1) Ann. Chem. und Phairm. LXV, 850. 

(2) Lifblg, Poggendorff, and Wdhler’t HandwSrterbiich der Cbemie, III, 217. 
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atmosphere continually co-operates, from such as are accomplished 
without farther access of atmospheric air. In lactic fermentation 
(of sugar with chalk and cheese), mannite(l) invariably is produced 
as a secondary product, the formation, of which is not explained: it 
may be obtained by precipitating the mother-liquor of the lactate of 
lime by means of oxalic acid, evaporating the acid liquid to syrupy 
consistence, and treating the residue with boiling al^hol, when, on 
addition of ether, mannite is separated. A solution of leucine, when 
in contact with the atmosphere, is rapidly decomposed upon addition 
of a trace of putrefying fibrin; the solution contains a considerable 
quantity of valerianate of ammonia. Leucine does not undergo 
decomposition without the addition of putrefying fibrin.—^Fibrin, 
when covered with a thin layer of water, and exposed to the atmos¬ 
phere until putrefaction is accomplished, is found to be converted 
into a fiuid, which exhibits the deportment of a solution of albumin; 
on ebullition a coagulum separates, possessing the colour and all the 
properties of coagulated white of egg. 

Liebig opposes the view, which considers putrefaction and fermen¬ 
tation as the result of vital processes, f. i., of the development of 
vegetal formations, or of microscopic animals: he adduces, that no 
traces of vegetal formations are perceptible in milk, which is left for 
some time in vessels carefully tied over with blotting-paper, not even 
after fermentation has regularly set in, a large quantity of lactic 
acid having been formed. lie farther remarks, that of fermentative 
processes, alcoholic fermentation having been studied too exclusively, 
the phenomena observed therein had-been generalized, while the 
explanation of this process ought to be derived rather from the study 
of fermentative phenomena of a more general character. Liebig 
communicates that some experiments have been made by Traut- 
schold respecting the faculty exhibited, according to observations of . 
Brendecke(2), by porous substances (straw, paper, charcoal, flowers 
of sulphur, &c.), of inducing'alcoholic fermentation in a grape-sugar- 
solution, to which some tartrate of ammonia has been added. Fer¬ 
mentation observed under the circumstances adduced, is due to the 


(1) The fomatioa of maunite is, perhaps, connected with the production of succinic* 

acid, which Schmidt, in a letter to Liebig, states that he has found in fermenting 
liquids (containing sugar). For: ^ 

Cg Hg Og + C4 Hg O4 Cjj H|3 P13. 

V—^ '-»-' '-.-' 

Mannite. Succinic add. Grape-sugar. 

(2) Arch. Phatm. [2] XL,*10; Berzelius’ Jahresbericht, XXV, 741; XXVI, 728. 
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presence, in the sugar-solution, of a foreign substance, which may 
be removed by treating it with ignited bone-black. After repeated 
treatment in this manner, solution of grape-sugar, with or without 
the addition of tartrate of ammonia, ceases to ferment under the 
influence of one of the afore-mentioned porous substances. On the 
other hand, the bone-black, from which the sugar has been only 
partially remold, exhibits alcoholic fermentation at'18” to 20”. 

Another memoir on fermentation in general has been published 
by Blondeau(l). He propounds the view, that every kind of fer¬ 
mentation is caused by the development of fungi. Blondeau states, 
that alcoholic fermentation is due to a fungus, which he denotes 
Torvula cerevisicR; whilst another, Penidllium glaMCUmj gives rise 
to lactic fermentation. The latter fermentation follows the former 
in a mixture of 30 grm. of sugar, 10 grm. of yeast, and 200 c.c. of 
water, which has undergone alcoholic fermentation at a temperature 
of about 20”, being terminated in about two days. Beer-yeast, 
when left in contact with water in a dark and moist place, contains, 
according to Blondeau, germs both of Torvula cerevisim, and of 
Penicillium glaucum ; the former can be separated by a filter, and 
will induce alcoholic fermentation in sugar-water, whilst the latter 
are extremely minute, and pass through the filter : the filtrate, mixed 
with sugar-water, gives rise to lactic fermentation. Acetic fermen¬ 
tation is due to the development of Torvula aceti ; sugar is converted 
into acetic acid, without evolution of gas, if 500 grm., dissolved in a 
litre of water, be mixed with 200 grm. of casein, and confined in con¬ 
tact for a month at a temperature of about 20”. The conversion of 
nitrogenous substances into fat (f. i., of casein, in the manufacture of 
Roquefort cheese; of fibrin, under similar circumstances), which 
Blondeau designates by the term fatty fcrmeiHation {fermentation 
adipeu8e)y is caused by Penicillium glaucum^ or Torvula viridis; 
and the funner fungus is stated to act likewise in butyric and in 
iu*ea-fermcntation (conversion of ur^ into a carbonate of am¬ 
monia). 

C. Schmidt(2) has communicated the following results of his 
experiments on fermentation. Urea, when in contact with yeast, 
is rapidly converted into carbonic acid and ammonia. In the 
, presence of a small quantity of sugar, the transformation of urea 
commences only after the decomposition of the sugar. If yeast and 
sugar be used in a certain proportion, a sort of equilibrium is 


(1) Joura. Pharm. [3] XIl, 214, 336. 


(2) Ann. Ch. Pham. LXI, 168. 
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establislied ; in the presence of a large quantity of sugar, urea is 
protected against decomposition, which ensues, however, on diminu¬ 
tion of the sugar,—more or less rapidly, according to the excess of 
ferment present. A certain amount of yeast decomposes only a 
certain amount of urea. Schmidt observed that a given quantity 
of yeast, when brought into contact with the same amount of water, 
and varying quantities of urea, gav« rise, during a given space 
of time, to the same amount of ammonia. The development of 
fungi is not required for the induction of urea-fermentation. A 
solution of gelatine, when mixed with urea, phosphate of soda, and 
sulphate of magnesia, filtered, heated to ebullition for half an hour, 
and then exposed to a current of atmospheric air, which had been 
passed through sulphuric acid, gave, after the lapse of eight days, 
the same amount of phosphate of magnesia and ammonia, as a 
similar liquid, cceteria paribus, when in contact with common 
atmospheric air. Nor are fungi the primum movens of saccharic 
fermentation: the clear filtrate, obtained by throwing almonds 
crushed in water upon a moist filter, soon induces fermentation in a 
solution of urea and of grape-sugar; in the latter case, no trace 
of ferment-cells can be discovered under the microscope, not even 
after fermentation is fully developed. If the solution, still containing 
sugar, is allowed to stand eight days, or a fortnight, after fermenta¬ 
tion has ceased, an exuberant development of cellular aggregations is 
observed, but no putrefaction ensues: the fungi, well washed, and 
introduced into a fresh solution of grape-sugar, continue to grow 
luxuriantly, inducing, however, if at all, but very weak fermentation, 
which rapidly ceases; hence the growth of fungi during fermentative 
processes, is but a secondary phenomenon. The increase of the 
residuary ferment, which occurs after yeast has been in contact 
with sugar, arises from a development of ferment-cellulose, which 
probably takes place at the expense of the sugar. If muscle, 
gelatine, yeast, &c., in a very advanced state of putrid decomposition, 
be introduced into a solution of 1 sugar in 4 water, all phenomena 
of putrefaction disappear: after a few hours, active fermentation sets 
in, ferment-cells being formed, and the liquid contains alcohol, 
but no mannitc. The inactivity of crushed yeast is due, not to the 
destruction of the fungi, but to the chemical changes which are 
induced in yeast during the considerable time necessary for complete 
comminution. The crushed cells, introduced into sugar-water, give 
rise to the production of lactic acid, without evolution of gas. 
Schmidt is of opinion, that fermentation is a process analogous to 
the formation of ether. He believes, that one of the constituents of 
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yeast, together with the elements of grape-sugar, gives rise to the 
formation .of one or several compounds, which are decomposed in 
statu nascenti, (like sulphovinic acid), splitting into alcohol and 
carbonic acid. 

B. Wagner(l) also has communicated some remarks on the 
nature of yeast. He observed that the cells of upper yeast are 
chiefly distinguished from thbse of lower yeast, by being incon- 
tinuous.—He repeated the experiments which have been made 
on the propagation of yeast, and confirms for the case of upper 
yeast, that it takes place by the expansion of the cellular shell, and 
that the propagation of a newly-formed cell is possible only after a 
nucleus haying been formed in its interior, which, however, is not 
derived from the mother-cell. He assumes, that the propagation of 
lower yeast takes place by the escape of the new cells from the 
mother-cell, although he did not succeed in directly observing it. 
Upper yeast, when brought into contact with beer-wort, at a tem¬ 
perature of 7®, is converted into lower yeast to a considerable 
extent, whilst no formation of upper yeast could be observed after 
addition of beer-wort to lower yeast at 20®. Upper yeast, when 
exposed in a watch-glass to the atmosphere, exhibits the vegetations 
observed by Kuirzing{2); these gradually pass into Sporotnchuniy 
and, lastly, into mucor. Lower yeast, under the same circumstances, 
is at once C 9 nverted into Mucor^ Schmidt^s observation (page 359), 
that the filtrate of almonds crushed in water induces the fermenta¬ 
tion of grape-sugar, without giving rise simultaneously to the for¬ 
mation of fermcnt-cells, has not been corroborated by Wagner. 
In his experiments, evolution of carbonic acid, and formation of 
ferment-cells, invariably ensued at the same time. Nor docs Wag¬ 
ner agree with Schmidt^s statement, that wdlhed ferment-fungi 
continue to grow when introduced into a fresh solution of grape- 
sugar, inducing either none or only weak and transient fermentation. 
He enquires whence the protein-substance necessai 7 for the vege¬ 
tation of the yeast, could have been derived in this case.—He farther 
examined, in what manner the faculty in yeast of inducing fer¬ 
mentation in a solution of grape-sugar in malt-extract, is affected 
by various agents. Yeast, dried at 100®, and powdered, ceased to 
exhibit, under the microscope, the form of cells, and induced fer¬ 
mentation only, after thirty-six hours. Small quantities of strong 
mineral acids prevent fermentation, with the exception, however, of 


(1) J. Pr. Chem. XLY, 241. 


(2) Ibid. XI, 390. 



GENERALITIES. 


361 


phosphoric acid, which appears to favour it. The effect produced 
by organic acids is variable: butyric acid seems to act by transform¬ 
ing alcoholic fermentation, probably induced previously, into buty¬ 
ric,—common yeast being converted into butyric acid ferment. 
Small quantities of acetic, tartaric, and especially lactic acid, exert 
the most favourable influence on the propagation of the ferment- 
cells. Fermentation is interrupted *by even dilute solutions of 
alkalies, of soaps, and of chloride of lime, but is not affected by 
dilute solutions of quinine and strychnine, nor by small quantities of 
free sulphurous acid. Yeast is destroyed by sulphate of protoxide of 
iron, or of zinc, and by protochloride of mercury, but resists the action 
of sulphate of protoxide of copper, arsenious acid, and tartar emetic. 
Lastly, Wagner analyzed yeast prepared according to Schloss- 
berger^8(l) method (washing, pressing through linen, and exhaus¬ 
tion by alcohol and ether), and dried at 100®. He obtained the 
following average results corresponding with those of Schlossberger. 

Carbon. Hydrogen. Nitrogen. Oxygen. Ash. 

Upper yeast . 44*37 6*04 9*20 40*39 

Lower yeast . 49*76 6*80 9*17 28*97 6*29 

Finally, experiments on putrefaction and fermentation have been 
performed by Hopping and Struve(2). They do not confirm the 
results of Helmholz(3), who states that organic substances (grape- 
sugar, gelatine-solution, flesh, &c.), may be secured against putrefac¬ 
tion, when heated with water until ebullition ensues, if the vessel be 
closed so as access of ignited air. Hopping and 

Struve find, all JeuOus organic substances undergo decom¬ 

position even under tl>M..^uence of ignited air, but that the pheno¬ 
mena are only retard^y^'^d changed by the effect of ebullition. 
Ilelmholz had observed that the fermentation of grape-juice is 
not communicated to another portion of grape-juice which is 
contained in a vessel closed by bladder and introduced into the 
fermenting liquid. In repeating this experiment. Hopping and 
Struve once remarked a slight evolution of gas in the confined 
sugar-solution, and afterwards also the formation of ferment-cells, 
whilst the surrounding liquid was in a state of fermentation; 
in other experiments, however, this could not be observed again. 

(1) Ann. Cbem. Pharm. LI, 193. 

(2) Petenb. Acad. Bull, VI, 145; J. Pr. Cbem. XLI, 255.' 

(3) J. Pr. Cbem. XXXI, 429; Berzeliua' Jabresberiebt, XXV, 806. At an earlier 
period, Sebwann bad obtained similar results.' 
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Nor do they corrohorate Gay-Lussac^a statement, that grape-juice, 
expressed with exclusion of air, is protected from fermentation, which 
ensues, however, after the access of a small quantity of oxygen. The 
atmospheric air was expelled in various ways, by hydrogen and by 
carbonic acid, from the vessel in which the grapes were pressed; 
fermentation, however, invariably took place. They arc inclined to 
explain this discrepancy by a different space of time having elapsed 
between collecting and pressing the grapes, which might have influ¬ 
enced their subsequent deportment. Brendcckc^s statements (comp, 
p. 357) were confirmed so far as by the introduction of porous sub¬ 
stances, both with and without tartrate of ammonia, phenomena of 
fermentation were induced in a solution of grape-sugar ; they could 
not, however, trace any alcohol in the fermented liquid, but observed 
the formation of an acid. 


Cyanoeren and Cyanogen - C oniponnds. Cyanogen and Pa- 
racyanosen.— H. Delbruck(l) has performed some experiments on 
the important subject of the formation of cyanogen. He confirms 
the statements of Desfosses and Fownes, inasmuch as a weak but 
distinct formation of cyanogen was observed on igniting sugar-char- 
coal with carbonate of potassa in an atmosphere of nitrogen. Cyanide 
of potassium was moreover obtained by passing binoxide of nitrogen 
over the compound of potassium and carbonic oxide in a state of 
ignition, or byr fusing potassium in an atmosphere of carbonic acid 
and ammonia, or of carbonic acid and nitrogen, and lastly by fusing 
potassium with pieces of carbonate of ammonia. (2) 

Paracyanogen, according to Delbruck, prepared in a state 

of purity only by heating dry cyanide of (If hydrocyanic 
acid be passed into a solution of cyan’^-^ifg or if a small 

amount of sulph»’»’'''^cid be added jitrated solution of this 

salt, a brown ^ ^ ^ ^pgcn-like bod^fA»,r}ji*)duced in considerable 
quantity. In ^Sacliction to H. Thaulow and in accordance with 
Liebig, Gmelin, and Rommelsbcrg, the gas evolved on heating 
cyanide of silver, was found in no way differing from ordinary cyano¬ 
gen ; the residuary paracyanidc of silver, when powerfully ignited, 
is decomposed into metal, which retains a small and varying amount 
of carhon, and a mixture of 1 vol. of nitrogen and 1*66 vol. of 
cyanogen. It contains no mellonide of silver, inasmuch as no mcllo- 


(1) J. Pr. Chem. XLI, 161; Ann. Ch. Pharm. LXIV, 296. 

(2) Possoz and Boissiere, as will be mentioned in onr Report on Technical Che- 
mUlry, have founded a process of nAannfactiiring ferrocyanidc of potassium iipun the 
formation of cyanogen at the expense of atmospheric nitrogen. 
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nidc of potassium is produced by fusion with sulphocyanide of potas- cyanogen 
siuin. Paracyanogen prepared from cyanide of mercury or silver, 
is not changed by nitric acid, while the brown substance formed by 
the action of cyanide of potassium on hydrocyanic acid is partly 
soluble therein ; the solution is partially precipitated by watery more 
completely by salts of protoxide of silver or of lead and by ammonia. 

If a solution of paracyanogen in nitric acid be evaporated to dryness, 
the residue being gently heated, it is converted into a pale yellow 
substance, which is soluble in nitric acid and reprecipitated by 
water. 

On heating cyanide of mercury, only about -rir of its cyanogen 
remains as paracyanogen, which when ignited in a current of carbonic 
acid or nitrogen, is converted into pure cyanogen ; other paracyano- 
gen-bodies leave, under these circumstances, a small quantity of 
carbon. On ignition in hydrogen, hydrocyanic acid and ammonia 
are evolved with deposition of carbon : 

SCgN + 4H = C2NH + NH3-|-C. 

Paracyanogen, when heated in dry chlorine gas, gives rise to the 
fonnation of solid chloride of cyanogen. In one instance, a white 
substance was solidified, which was soluble in water, and in which 
the presence of cyanogen and chlorine could be traced only after 
fusion with carbonate of soda. Sulphur is without action on para¬ 
cyanogen. 

iiydrocvanlc Acid. —Mohr(l) has shown that on distilling 1 part 
of fen-ocyanide of potassium, i part of sulphuric acid, and the proper 
quantity of water, to dryness, 57—59 per cent of the hydrocyanic 
acid are obtained, which corEpsponds to the cyanogen of the cyanide 
of potassium. On distilling m a current of water-vapour, 86*49 per 
cent passed over; nearly the same amount (85*6 per Cent) on twice 
distilling 3 parts of salt and 2 parts of sulphuric acid. If the 
distillation was -repeated four times, the quantity of hydrocyanic acid 
obtained was more thai^ corresponded to the cyanide of potassium; 
the residuary sediment amounted only to 21*16 per cent of the salt 
employed, and the filtrate contained a salt of sesquioxide of iron. 

Hence it is impossible to state how much per cent of the cyanogen 
in ferrocyanogen is obtained in the form of hydrocyanic acid, 
inasmuch as it depends altogether on the mode of distilling. The 
acid of the Fhannacopceia should be prepared with the aid of an 
analytical experiment. 


(1) Arch. Pharm. [2] LV, 11. 
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cywild^of iJhiorooyMii*® iiytfro*eii.— On treating an aqueous solution of 

hydrogen, hydrocyauic acid with chlorine, and condensing the vapour disen¬ 
gaged in this reaction, after having passed through a chloride of 
calcium tube, by'means of a frigorific mixture, Wurtz(l) obtained a 
liquid containing chlorocyanide of hydrogen, hydrochloric and hydro¬ 
cyanic acids ; by agitation with 2 or 3 vol. of water, the latter com¬ 
pounds were removed. By another rectification over chloride of 
calcium, the chlorocyanide of hydrogen is obtained in a state of 
purity; it is a colourless, mobile, very pungent liquid, causing violent 
lachrymation, which boils at 20 '’ and burns with a violet flame j its 
aqueous solution yields a white precipitate with nitrate of silver. It 
contains Cg Ng Clg H, whence it may be considered as a compound of 
hydrocyanic acid with the chloride of cyanogen C 4 Clg. With dry 
chlorine it yields hydrochloric acid and solid chloride of cyanogen 
Cg N3 CI3. 

lilquid Ctaioride of Cyanogen. —Wurtz states farther, that chloro¬ 
cyanide of hydrogen, when treated with protoxide of mercury (mixed 
with chloride i)f calcium and well cooled) and distilled after some 
hours in the water-bath, yields a colourless liquid, likewise powerfully 
attacking the eyes and the mucous membrane, which boils at IG'’ and 
solidifies at —7® to a crystalline mass. The vapour is not inflammable; 
the solution in water is not affected by nitrate of silver. Fotassa 
gives rise to the formation of cyanic and hydrochloric acids, or rather 
of carbonic acid, ammonia, and chloride of potassium. The formula 
is C 4 Na CI 2 . 

Cyanide of Potassium. —In the preparation of cyanide of potassium, 
a grey product is frequently obtained, if the mixture of ferrocyanide 
of potassium and carbonate of potassa be exposed to a bright red 
heat, until the mass is in a state of quiet fuslbn. This may be 
avoided, according to Clemm( 2 ), by removing the crucible from the 
fire as soon as the dull-red-hot mass appears clear and a sample taken 
out is perfectly white; the evolution of gas having ceased, the depo¬ 
sition of the iron may be accelerated by gentle percussion, and the 
cyanide of potassium passed through a finely perforated hot iron 
spoon, and collected in a tall, smooth-walled vessel of silver, iron 
or porcelain, in which it is allowed to cool slowly. Grey cyanide of 
potassium may be added in new fusions, and treated by the above 
process, when it will become white. 

cyanste of Potassa. —Clemm(3) recommends for the preparation 


(1) Compt. Rend. XXIV, 437; Ann. Ch. Phsrni. LXIV, 367. 

(2) Ann. Ch. Phsrm. LXI, 250. (3) Ibid. LXVI, 382. 
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of cyanate of potassa, to fuse 8 parts of forrocyanide of potassium o?pStiw 
and^ parts of carbonate of potassa^ and to introduce gradually into 
this mixture, somewhat cooled after fusion, but still liquid, 15 parts 
of minium, care being taken to avoid too considerable a rise of tem¬ 
perature. The crucible is now placed once more in the fire, and 
the mass well stirred, poured out and allowed to cool. If the salt is 
to be used for the preparation of urea, the mass is directly saturated 
with cold water and mixed with sulphate of ammonia (8 parts, if the 
above proportions have been emplo^^d), which may be dissolved in 
the washings. The mixture is evaporated and treated in the usual 
manner. If ferrocyanide of potassium should be present in the 
alcoholic solution, it may be separated by carefully adding sulphate 
of sesquioxide of iron, and pouring oflF the clear solution from the 
Prussian blue which forms; 4 parts of anhydrous ferrocyanide of 
potassium yield 4-—5 parts of urea. 

Cyanide of Lead. —L. Kugler(l) has examined the yellowish-white 
precipitate, which, on addition of hydrocyanic acid and ammonia, is 
produced in a solution of basic acetate of lead, and which hitherto has 
been considered to be Pb Cy. He proposes the formula Pb Cy, Pb 0, 

HO, which does not, however, agree with the results of his analysis. 

He found 87*22 per cent of lead, 5*07 of cyanogen, and 1*63—1*80 
of water. If the water be considered as belonging to the compound, 
these numbers agree best with the formula 3 PbO, Pb Cy, HO, 
which requires 87*5 of lead, 5*4 of cyanogen, and 1*8 of water. 

Double Compounds of Cyanide of Mercury. — H. Custer(2) has 
added some new members to the numerous class of double com¬ 
pounds of cyanide of mercury. They were obtained by dissolving the 
respective salts in proportions corresponding to the formulae, and 
crystallizing. Cyanide qf mercury—iodide of sodium, 2 Hg Cy, 
Nal-{-4HO forms four-sided satiny prisms, which lose the last 
portion of water only at 210°. They are easily soluble in water and in 
spirits of wine, and are decomposed by mineral acids into hydrocyanic 
acid and protiodide of mercury. Cyanide of mercury—iodide of barityn 
2Hg Cy, 3a I -I- 4 HO, and cyanide of mercury—iodide of stron¬ 
tium 2 Hg Cy, Sr I + 0 HO, crystallize in square tables and exhibit 
a similar deportment. Cyanide of mercury—bromide of calcium 
2 Hg Cy, Ca Br-i- 6 HO, is likewise soluble in water and in spirits of 
wine. A double salt of cyanide of mercury and acetate of soda 


(1) Ann. Ch. Phann. LXVI, 63. 

(2) Arch. Phsm. [2} LVI, 1 1 Chem. Gaz. 1849,101. 
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Hg Cy+NaO, C 4 H 3 03+2 HO, was obtained once from the mother- 
liquor of the solution of the two salts. • 

Double Cyanides. Compounds with Ammonia. —On mixing, ac¬ 
cording to Monthiers(l), an ammoniacal solution of a salt of protox¬ 
ide of copper with ferrocyanide of potassium, a bright-yellow, crystalline 
powder is precipitated, which evolves ammonia only at a temperature 
of 130*^, cyanide of ammonium being disengaged at a higher tempe¬ 
rature. This compound is ferrocyanide of copper-ammonia Cug Cfy 
-f 2 NH 3 + HO (Cfy = ferrocyanogen = Fe Cyg). The same salt 
has been previously obtained by Bun8en(2), who found, however, 
only half the quantity of water. When moist, this substance (as 
does ferrocyanide of copper Cug Cfy 4 -9 HO), absorbs, with evolution 
of heat 39*1 per cent of ammonia, a green compound Cug Cfy 
-i-4 NHg-t-HO being formed, which loses part of the ammonia when 
exposed to air. Ferrocyanides of zinc and silver exhibit a similar 
deportment. 

dubcyanlde of Copper-Cyanide of Potassium. —Monthiers pre¬ 
pares this compound, which was discovered by Ittner, and more accu¬ 
rately examined by L. Gmelin and by Rammelsberg, by passing 
the vapour of hydrocyanic acid into potassa, containing hydrated 
protoxide of copper in suspension, until the latter is dissolved, a 
colourless liquid being produced. Monthiers confirms the formula 
Cu 2 ^ ^y» estabhshed by Rammelsberg. . By the action of 
potassa on fused subcyanide of copper, Rammelsberg(3) obtained a 
salt, of the formula 3 Cug Cy, 2 K Cy. 

Subcyanldc of Copper-Cyanide of Ammonium. —^Addition of sul¬ 
phate of protoxide of copper. to subcyanide of copper and cyanide 
of ammonium, produces a yellow precipitate, which turns green, 
cyanogen being evolved, and to which Monthiers tlsigns the for¬ 
mula, NH 4 Cu Cy, 2 Cug Cy, HO. 

Ferrocyanide of Copper, Ferrocyanide of Copper and Potassium. 
—According to Rammelsberg(4), a solution of sulphate or acetate 
of protoxide of copper, when precipitated by hydroferrocyanic acid, 
yields pure ferrocyanide of copper, containing Cuj Cfy -f 7 HO, when 
dried over sulphuric acid; according to Monthiers^ statement, 
this salt contains '9 eq. of water. On pouring, drop by drop, a 
solution of a salt of protoxide of copper into an excess of ferrocyanide 
of potassium, Mosander obtained the anhydrous compound Cu K Cfy; 


(1) J. Pham. [3] XI, 249; J. Pr. Chem. XLI, 113; Ann. Gh. Pham. LXIV, 297. 

(2) Pom. Ann. XXXIV, 134. (3) Ibid. LXXTII, 117. 

(4^ IhiJ LXXIV, 65. 
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according to Bammclsberg, it contains 2 eq. of water, and is ex- 
pressed by the improbable formula, Cuj Cfy + K Cy, Fe Cy+2HO. potMtium. 
On the other hand, if an excess of copper-salt be gradually mixed 
with ferrocyanide of potassium, a compound, 0% Cfy, Kg Ofy, 2 HO -H 
9 (Cug Cfy + 7 HO) (?), is produced. 

Fcrricyaniae of Potassium* —For preparing ferricyanide. of potas¬ 
sium, llieckher(l) recommends to pass a slow current of chlorine 
through a dilute and cold solution of the yellow prussiate until it 
appears dark-red in transmitted light, when the liquid is rapidly 
evaporated to dryness. The residue is treated with 4 times its weight 
of water, and the filtrate boiled down to half its bulk.—Kolb(2) pro¬ 
poses to add, in small proportions, chlorate of potassa and hydro¬ 
chloric acid to the boiling solution. 

Ferricyauldc of Potassium as an Oxidizing Asent.— ^The oxidizing 
power exerted by ferricyanide of potassium in the presence of potassa, 
as pointed out by Boudault(3), by which several heavy oxides are 
converted into higher oxides, and oxalic into carbonic acid, has been 
used by J. Mercer(4) in calico-printing (according to his statement 
previously to Boudault’s communication), for discharging indigo. 

As a lecture-experiment, calico coloured with indigo may be moistened 
with ferrocyanide of potassium and afterwards immersed into a dilute 
solution of potassa. According to Monthiers(5) ferricyanide of 
potassium, when treated with ammonia, disengages nitrogen, ferro- 
eyanides of potassium and of ammonium being formed. ^ 

cobaitlcyanoBen-Compounas.-r-C. Zwcnger(6) has pub¬ 
lished a careful investigation of the cobalt-salts, corresponding to the 
fcrricyanogen-compounds. — Hydrocobalticyanic add, Hg Coj Cyg 
-f 110, is best prepared by decomposing cobalticyanide of copper, 
by means of hydrosulphuric acid, filtering and evaporating the colour¬ 
less solution. It may be obtained, hkewise, by decomposing with a 
slight excess of concentrated sulphuric, or nitric acid, a concentrated 
aqueous solution of cobalticyanide of potassium, adding absolute 
alcohol, and recrystallizing the residue which remains after the 
evaporation of the filtrate. This acid crystallizes in colourless, tran¬ 
sparent, deliquescent needles, which possess a strongly acid teste. 


(1) Jahrb.Pr. Phatm. XV, 1. (2) Ibid. XVI, 332. 

(3) J. Pharm. [3] VII, 437 i Berzelius’ Jahresbericht, XXVI, 240. 

(4) Phil. Mag. [3] XXXI, 126; Chem. Soc. Mem. Ill, 320; J. Pr. Chem. XLII, 43. 

(5) J. Pham. [3] XLII, 157 *, J. Pr. Chem. XLI, 118. 

(6) Ann. Ch. Pharm. LXII, 167; J. Pr. Chem. XLIV, 173; J. Pham. [3] XII, 380; 
Chem. Gaz. 1847,417. 
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' It evolves carbonic acid from the carbonatesi and dissolves iron and 
* zinc, with disengagement of hydrogen; its aqueous solution is scarcely 
affected by ebullition. When heated beyond 100®, hydrocobalticyanic 
acid evolves watw, then hydrocyanic acid, cyanide of ammonium, and 
carbonate of ammonia; at 250® a blue powder is formed, which at a 
still higher temperature, is decomposed into black carbide of cobalt. 
Hydrocobalticyanic acid is soluble in alcohol, but insoluble in anhy¬ 
drous ether; i^^is not affected by hydrochloric acid, fuming nitric 
acid or aqua regia. When heated with concentrated sulphuric 
acid, it yidds carbonic oxide, carbonic acid, sulphurous acid and 
sulphates of ammonia, and of protoxide of cobalt; if before complete 
decomposition, water be added, pale-red cobalticyanide of cobalt, 
Cog Cog Cyg-f 12 HO is separated, which turns blue with loss of 
water. Cobalticyanide of potassium^ Kg Co^ Cy®, is formed, as indi¬ 
cated by its discoverer, L. 6 m el in, by treating cyanide of cobalt 
with cyanide of potassium or carbonate of protoxide of cobalt with 
,^tassa and hydrocyanic acid, when hydrogen is evolved; if access of 
air be permitted, an absorption of oxygen takes place. In treating 
100 parts of protocyanide of cobalt, Co Cy, 2 HO with cyanide of 
potassium, Zwenger obtained 0'65 of hydrogen; the decomposition, 
according to the equation 2 Co Cy -f 4 K Cy + 110=Kg Cog 0)^,+ 
KO + H requires 0*68.—From an aqueous solution of cobalticyanide 
of potassium, hydrocobalticyanic acid is precipitated by the addition 
ofg.concentrated sulphuric and qi^^ric acids. By boiling sulphuric 
acid the salt is decomposed like the acid. Cobalticyanide of soditmj 
Nag Cog Cyo+4 HO, is obtained like the two following salts; namely, 
by carefully neutralizing the acid with the carbonates. It crystal¬ 
lizes in long colourless needles, which are easily soluble, and lose 
their water (11*25 per cent) at 100®.— Cobalticyanide of ammonium, 
(NH 4 )g Cog Cyg+HO, crystallizes in oblique four-sided plates, which 
are eqpverted at 225® into cyanide of ammonium, carbonate of 
ammonid and a blue residue. — Cobalticyanide of barium, Bag Cog Cyg 
+22‘HO, forms easily soluble, colourless, transparent prisms, which 
lose 23*29 per cent = 16 eq. of water, at 100®.— Cobalticyanide of 
eoippefs Cug Cog Cyg + 7 HO, precipitated from a soluble salt of 
protoxide of copper by cobalticyanide of potassium or by hydro¬ 
cobalticyanic acid, is of a light-blue colour; it loses, at 240®, 12*94 
per cent (calculated 12*06) = 5 eqs. of water, and is decomposed 
by the fixed alkalies, with separation of protoxide of copper. Its 
solution in ammonia yields ultramarine-blue, brilliant, four-sided 
prisms, with eight-sided terminal pyramids, which are ammonio- 
cobdlticifnnide tf copper, Cug Cog Cyg + 2 NHg + 5 HO; they are 
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decomposed by acids into an ammonia-salt ,andv pobdticyanide of 
copper, by alkalies, in the wme ipannei^ as lattet eompound,— 
Cobalticyanide of cobaUf .Coj Ooa C'ya + 14 U . pb^ned by 
precipitating salts of protoxide of ^alt tHith cobati^yiemtde of potas¬ 
sium, or with the acid itself, as a light-red powder, insoidlde in water 
and acids, and losing the whole of its water at 220^/ (ea%calat^29‘25 
per cent, found 28*98), beedming -thereby intensely bluO.' ^t con¬ 
tains 2 eqs. of water more than the analogous contend , p^odticed 
by decomposition of the add.— Cobalticyanide of nickel, Nig C!SQ 2 ‘t)ye 
+ 12 HO, can be obtained pure only by precipitating the solution of 
a salt of protoxide of nickel with' an excess of hydrocobalticyanic acid; 
when freshly precipitated, it is gelatinous and light-blue; when dry 
it is of a greenish-blue colour, and has a conchoidal fracture.^ A 
solution of the freshly precipitated compound in ammonia, deposits, 
on evaporation or addition of alcohol, ammonio-^cobalticyanide- of 
nickel, Nig Cog Cy0+2NH3+7 HO, which is insoluble in water.— 
Carbonate of protoxide of lead is decomposed by hydrocobalticy-! 
anic acid, the sdntion deposits neutral cobalticyanide of lead, 
Pbg Cog4^y6+4HO, in small scales of nacreous lustre, which are 
insoluble in alcohol, and lose 3 eqs. of water a^ 100'’ and 19ie fourth 
at 180®. Ammonia, produces, in an aqueous solution of this com¬ 
pound, a white precipitate^f basic cobalticyanide of lead, Pbg.Cog Cy®. 
+ 6 PbO + 3 HO; the supernatant liquid contains only cobaltii^anide 
of ammonium.— Cobalticyanide of silver, Agg Cog Cyg, is wh^e, 
curdy, and insoluble in water and acids; its ammoniacal solution' 
yields, on evaporation, colourless, transparent prisms of ammonio- 
cobalticyanide ofjsilver, Agg Gog Cyg+NHg + HO, which are inso¬ 
luble in water, and part with ammonia and water only at 170®(1). s 

PiatbioeyanoffeiiaeompeiinAs.—>B. Quadrat(2) has described a 
series of platihocyanogen-com^unds, the real existence of which 
has, however, to be decided by farther investigations. 

Gmelin's cyanide of potassium and platinum, prepared by thV 
ignition of spongy platinum with ferrocyanide of potassium, has been 
shown by the analyses of the discov^er and of Baramelsberg, whidb/ 
have likewise been confirmed by Quadrat, to possess the formula 
KCy, PtCy, in the -anhydrous state. Knop obtained, by carefuHy 
treating a saturated solution of this shit with chlovine or nitro-"^ 


(1) It may here be stated, that cobalticyanide of pottosium produces white piceclpl> 
tates with the iiitr|^,e of the^oaudea^of mercury,' but that it’may be mixed with pTOt|i|- 
chloride of mercury'^thbdt .bi^og;'i^^ond turbid. 

(2) Ann. Ch. Pharm. LXUI, Phann. [3] XII, 457. 
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hydrochloric acid, the copper-red compound, 2 KGy, Ptg Cy 3 , con¬ 
taining sesquicyanide of platinum and potassium, which L. Gmelin 
(Handb. IV, 440) considers to be probably K Cy, Pt Cy^. 

According to Quadrat, if protochloride of platinum be added to an 
excess of cyanide of potassium, and the solution evaporated, long, 
thin, fqpr-sided prismatic crystals are obtained, which appear yellow 
by transmitted, and bright-blue by reflected light. From the analysis 
of the anhydrous salt. Quadrat assigned to it the formula 
Ptg Kg Cy„ =5 (K Pt Cyg) + K Cy; when ciystallized, it contains 
21 eqs. (15*98 per cent) of water, of which 18 eqs. (14*03 per 
cent) are expelled at 100*^. On boiling this salt with sulphuric acid, 
yellow protocyanide of platinum is precipitated, with which, by solu¬ 
tion in cyanide of potassium, the original compound may be again 
prepared. It is soluble in 3 parts of water, and likewise in alcohol 
and ether; it gives a white precipitate with salts of protoxide of 
mercury, and a smalt-blue one with an excess of nitrate of suboxidc 
of mercury. With sulphate of protoxide of copper, tlfe light-green 
copper-compound, 5 (Cu Pt Cyg), Cu Cy, insoluble in water and 
acids, is produced, which, by boiling with carbonate of soda, 
caustic bafyta, strontia, or lime, furnishes the corresponding salts of 
these bases, 5 (NaPtCy^), NaCy-|-28HO; 6 (BaPtCyg), BaCy 
-f- 22 HO and 5 (CaPt Cyg), Ca Cy + 27 HO; by decomposing the 
potassa-salt with sulphate of ammonia and the baryta-salt with sul¬ 
phate of magnesia, platinoajanid^ of ammoniumf 5 (NH^ PtCyg), 
NH 4 Cy, platinocyanide of magnesium, 5 (Mg, PtCyg), MgCy 

+ 19 HO, may be prepared. By digesting the cppper-compound 
with ammonia and evaporating, blue needles were o|>tained, for which 
the approximate formula, Cu Pt Cy^, 2 NHg + HO, was arrived at. 
Hydrosulphuric acid decomposes platinocyanidc of^pper into, pro¬ 
tosulphide of copper, hydrocyanic aci^ and hydroplatinocyanic acid, 
H Pt Cyg, which crystallizes in hydrated bluish-black or greenish- 
yellow crystals of golden lustre; it decomposes carbonates, yields, 
with ammoniacal gas, yellow platinocyanide of ammonium, and is 
split by sulphuric acid* into protocyanide of platinum and hydro¬ 
cyanic acid. 

The same chemi8t(l) states, in a later communication, that the 
hydroplatinocyanic acid thus obtained, and likewise the salts prepared 
with it, contain a sulphocyanogen-compound; and that, by directly 
treating platinocyanide of copper (prepared from Gmelin's salt 
by sulphate of protoxide of co])per) with calcined magnesia or with 

w 

(1) Ann. Ch. Pharm. LXV, 249. 
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baryta-water, platinocyanides of magoesium or barium are obtained, 
corresponding in composition to the potassium-compound. The 
analyses of these compounds, prepared by Baumert(l), according to 
the method described, confirm this statement. Quadrat found the 
mother-liquor, out of which the latter compounds had crystallized, to 
contain salts, differing in composition from the potassium-compound; 
they are colourless, and much more soluble in alcohol.—'Laurent 
likewise considers Quadrat’s salts to be analogous in composition to 
Gmelin’s platinocyanide of potassium and the corresponding com¬ 
pounds ; it may, however, from the preceding statements, be regarded 
as certain, that their preparation is attended by the formation of 
other compounds, which probably form double combinations with the 
true platinocyanides. 

Cyanides of Platlnnm and SI ercitry and Nitrate of Snboxlde of Sferenry. 

—The formula of the snialt-blue precipitate, produced by nitrate of 
suboxide of mercujry in cyanide of platinum and potassium, is, accord¬ 
ing to RBmmelsberg(J2), Hga 0 , NO 5+6 Hg Cfy, PtCy-flO HO; 
water resolves it into the two proximate constituents.—Quadrat con¬ 
siders the blue-salt prepared from his potassium-compound to be a 
combination of platinocyanide of mercury, 5 (Hg Pt Cyo) Hg Cy, with 
variable quantities of nitrate of suboxide of mercury. 

Cyanoaen-eomipounds. Ylews reBpectlna their Constitution. —^Three 
views have as yet been taken of the ferrocyanogen compounds. 
According to the one; 

Fertocyanide of potassium . . . n .FeC^N + 2KC3N -fS EO 
Fcrrocyaoide of potassium and barium * ^ N + 2 Da C* N } '*’ ® 

Prussian blue . ^ 3 Fe ^N-t- Fe^C^N^ +9110. 

The kecond view adopts as radicals, fen*ocyanogen = Pe Cg N 3 , feri^- 
cyanogen = Pcg Ng, platinocyanogen ='Pt Ng, platinieyano- 
gen == Pta Cig Ng, &c. The finally assumes a polymeric 

cyanogen, Cg N, C 4 Nj, Cg Ng.... Cjg Ng and so on, whose combina¬ 
tions, in Laarent’ 8 ( 8 ) opinion, may all be reduced to the formula 
Cg N M, (or Ca Ng Mg, according to Laurent and Gerhardt’s equiva* 
lents), in which M may represent the sum of equivalents of two or three 
different metals. We here give an example pf Laurent’s formulse^un 
which C 6 ,=: N=at.7> the equivalents of the metals ibeing bht 

half ^high as those generally adopted, and in which, it must be borne 


(1) Ann. Ch. Phann. LXV, 260. ' * . , 

(2) POgg. Ann. LXXIII, 117; J. Pr. Chem. XLI. 184; Berl. Acad. Ber. 1847,115. 

(3) Compt. Rend. XXVI, 294} J. Pr. Cham. XLII, 128. ‘ 
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in mind, Laurent expresses protoxide of iron by FegO (re 3 =Fe 
according to the equivalent here adopted), sesquioxide of iron by 
fgO (f 2 =§ Fe according to the usual equivalent,—the iron in the 
sesquioxide having only § the equivalent of the iron contained in 
the protoxide), and that he assumes the equivalent of the plati¬ 
num in the protoxide = Ptg 0, as double that of the platinum in the 
binoxide == ptg 0. 


Ferrocyanides .... 

Ferrocyanide of potassium . 
Ferrocyanidc of potassium and barium 

Prussian blue. 

Ferricyanides .... 

Cobaltocyanides .... 
Platinocyanides .... 
Platini-platinocyaiudes 


. CjNjFeiM^. 

. CsNgFe^Kj + HO. 

. Cj Nj Fc^ HO'. 

. Cg Nj Fe^ + 2 HO. 

. CgNgf M. 

. Cg Ng Co M. 

. CgNgPt M. 

• Cg Ng Pt|^ Pt^ M^. 


It is self evident that these are merely other expressions for known 
formulas, qnd that they neither sustain nor found any new theory. 

Comportifient of Cyanogen-compounds at hligli Temperatures. 
—Rammelsberg(l) has investigated the behaviour of a series of 
cyanogen-compounds on exposure to high temperatures. 

Protocyanide of diver is converted into paracyanide of silver, with 
disengagement, in the gaseous state, of half of the cyanogep, which 
does not possess, as stated by H. Thau low, any properties •differing 
from ?hose of common cyanogen gas (2).— Protocyanide of zinc and 
protocyanide of copper likewise yield pure paracyanides; protocyanide 
of nickel protocyanide of cobalt, on being heated, leave a black 
mass, which contains 12 equivalents of carbon q^d 1 of nitrogen to 
6 equivalents of metal, and may be viewed as a paracyanide and 
carbide j hydroferrocyanic add yields, first, water and hydrocyanic acid, 
the residuary protocyanide of iron likewise splits into paracyanide and 
carbide of iron, containing 20 equivalents of carbon and 5 of nitrogen 
to 12 ■ equivalents of iron. Fprocyanide of poiasdum, on being 
heated, leaves cyanide of potassium and carbide of iron, Fe Cg, as 
previously shown by Berzelius, Ferrocyanide (fcaldum and ferro- 
cyamdeofzinc exhibit the same comportment •, ferrocyanide of lead 
disengages one-third of its carbon and one-half of its nitrog^, as 


(1) Pogg. Ann. LXXIII, 80} Berl. Acad. Ber. 1847, 115; J. Pr. Cbetn. XLI, 180; 
Ann. Ch. Hiorm. LXIV, 298. 

(2> Comp. Liebig in Ann. Ch. Pharm. L,»S67; 
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cyanogen- and nitrogen-gases j the residue consists of paracyanide of 
lead and paracyanide of iron, mixed with .carbon. F&rrocyamde of 
copper yields, at 150®, cyanogen-g^s and a brownish-black mixture of 
paracyanidcs of copper and iron with carbon. Prussian blue (prepared peratures. 
from a salt of sesquioxide of iron and ferrocyanide of. potassium, 
containing therefore a little potassium), which appears to contain, 
when dried in the air, 18 equivalents, and at 160® to 170®, 9 equiva¬ 
lents of water, becoming anhydrous at 250®, yields a residue amount¬ 
ing to about 60 per cent of the anhydrous substance which contains 
about 15 per cent of nitrogen, (3 equivalents of nitrogen" and 7 equi¬ 
valents of carbon to 7 equivalents of metal), and must hence be 
viewed as a mixture of paracyanide and carbide of iron. 

Cyanide of Mercury; lleeoiupot»llion by Chlorine.— ’According to 
the investigations of Boui 8 (l), a hot saturated aqueous solution of 
protocyanide *of mercury, treated with excess of chlorine, under the 
influence of solar radiation, is decomposed into protochloride of mer-^ 
cui-y, hydrochloric acid, and chloride of ammonium, which remain 
dissolved in water; into chloride of cyanogen, carbonic acid and 
nitrogen, which escape; and into a yellow oily fluid, amounting in 
quantity to one-foui*th of the protocyanide of mercury, for which 
Bouis has proposed the formula, Cja N 4 CI 14 = CgN 4 Clg, C 4 Clg. 

It has a powerful odour, exciting to tears, a caustic taste, and is 
heavier than water, in which it is insoluble, but by which it is easily 
decomposed into hydrochloric and carbonic acids and nitrogeu-gas( 2 ). 

It is soluble in alcohol and ether, and becomes decolourized by keep¬ 
ing, scsquicjiloride of carbon, C 4 Clg, being deposited. It explodes 
violently on being heated; by exposure only to a moderate heat, it is 
decomposed into nitrogen, some carbonic acid and a colourless liquid, 
which deposits, after a time, crystals of sesquichloride of carbon, 

C 4 Clg; when pure, Bouis found this liquid to have the formula, 
C2oN4Clgg=C8N4Cl4 + 3C4Clg. 

On gently heating the yellow compound, Cjg N 4 CI 14 with strong 
nitric acid, a very powerful reaction ensues; nitrogen, carbonic acid, 
and nitrous fumes are evolved, and there are condensed in the receiver 
sesquichloride of carbon and a very volatile fluid, colourless when 
pure, and of a much more powerful odour than the preceding one; to 
the latter Bouis assigns the formula, C^^ N 4 Clj^ 04 =CsN 4 04 Clg, 


(1) Ann. Ch. Fbys. [3] XX, 446; J. Pr. Chem. XLII, 45; Anti. Ch. Pharm. LXIV, 

306. . V' 

( 2 ) A substance of V017 dmilar properties is produced by passing c^ltmoc into a U)l\- 
t ure of fulminate of protoxide of silver and water. 
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^rnSrour// ^4 ^*6* woold, therefore, appear to be a simple product of oxida- 

Bltlon'bf* * ’ 

chlorine. The rcsult of the actioQ of ammonia on the yellow oil is the disen¬ 
gagement of gas, the formation of chloride of ammonium, of sesqui- 
chloride of carbon and of a red pulverulent substance, only slightly 
soluble in water, alcohol and ether, the nature of which has not 
yet been studied.—The yellow liquid detonates very violently with 
potassium. 

The statement made by Aime, and subsequently contradicted by 
StenhouseJ that a chlorocyanogen-combinatioiT of ethyl or methyl 
is produced by the action of chlorine on a solution of protocyanidc 
of‘mercury in alcohol or pyroxylic spirit, has been likewise found 
incorrect by Bouis(l). He has shown the decomposition of the 
alcohol or hydrated oxide of methyl to be quite independent of the 
protocyanide of mercury, the cyanogen of which, in this reaction, is 
^completely converted into carbonic acid, chloride of cyanogen, and 
chloride of ammonium. 

Fulmlnic Acids. Their Constitution and Nomenclature. —The opi¬ 
nion of Berzelius(3), disputed by Liebig(3), that fulminic acid was 
a conjugate acid, in which a nitride, consisting of equal equivalents of 
both elements, was combined with the hypothetical acid, HO, C 4 NOg, 
is considered by FritZ8che(4) to be a perfectly satisfactory expression 
of its constitution, receiving great support from the discovery of 
osraan-osmio acid, whereby the existence of the questioned nitrides 
had been established beyond a doubt. He wishes to substitute for 
the names silver; tnermnj; zinc-fviminic add, proposed in accord¬ 
ance with his view by Berzelius, the more rational ones argentau; 
mermrari; cupran-, and zincan-tetranic add, constructed according 
to Berzeliuses principle of nomenclature for prophets of dry distil¬ 
lation.—This view cannot easily be made accordant with the following 
. facts. 

J. H. Gladstone(5) has confirmed by analysis Liebig's state- 
ment(6) that urea and sulphocyanide of ammonium are formed in 
the decomposition of fulminate of protoxide of copper and ammonia 


(1) Ann. Ch. Pbys.' [3] XXI, 111; J. Pr. Cheni. XLII, 301; Ann. Ch. Pliarra. 
LXIV, 316. 

(2) Ann. Ch. Pharm. L, 426. ' . ' 

(3) Ibid. 429. 

(4) Peterib. Acad. Bull. VII, 4li; J. Pr. Cbem. XLIV, 160. 

(5) 4[/hem. Soc. Qii. J.<I, 228. 

re) Comp. I.ancet, December, 1841. 
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by hydrosalphuric acid. He hm submitted to analysis both pro¬ 
ducts of decomposition^ the urea as oxalate, the hydrosulphocyanic 
acid as sulphocyanide of silver. It is thereby “shown that 1 eq. of 
fulminate of protoxide of copper and ammonia, and 3 eqs. of hydro- 
sulphuric acid are decomposed into 1 eq, of protosulphide of 
copper, 1 eq. of urea, 1 eq. of hydrosulphocyanic acid, and 2 eqs. 
of water, • 

CuO, N O, C 4 Nj Og + 3HS«CuS + Ca Nj H 4 Oj + H C 3 N Sa + 2 HO. 

cyanurtc Acid.—If, according to de Vry(l), hydrochlorate of urea 
be heated to 145®i it splits into chloride of ammonium and pure 
cyanuric acid. At 320® the product of decomposition of urea, 
C (5 N| H4 O4, discovered by Liebig and Wohler, is formed.— 
Wurtz( 2 ) recommends the decomposition of fused urea by dry chlo¬ 
rine as the best method for the preparation of cyanuric acid. The 
products are cyanuric acid, chloride of ammonium, hydrochloric 
acid and nitrogen; the former, substance is obtained by washing 
the mass with cold water. 

According to Liebig, cyanuric acid is a tribasic acid=3 'HO, 
Cg Ng O 3 , in which all the hydrogen is contained in the form of replace¬ 
able water (witness the silver-salt). A closer investigation of its salts 
has led Wohler(3) to consider this acid as bibasic =2 HO, Cg N 3 H O 4 , 
that is, as a conjugate cyanic acid, in which the urenic oxide of Ber¬ 
zelius, Cg N II O 3 ,—isomeric with the hydrate of cyanic acid or 
with the insoluble cyanuric acid—is combined with 2 equivalents of 
cyanic acid. 

Cyanurate of protoscifie of silver, 2 AgO, Cg N 3 HO 4 , is prepared 
by Resolving carbonate of protoxide of silver in an excess of boiling 
cyanuric acid, or by dropping cyanurate of ammonia into an excess 
of a hot solution of nitrate of protoxide of silver, or, with greater 
certainty, by mixing hot solutions of cyanuric acid and acetate of 
protoxide of silver. It is a colourless crystalline powder, which is 
decomposed at 200 ®, l}ut, in an atmosphere of hydrogen, is traps- ^ 
formed even at 100® into the violet-black salt of the suboxide. It is 
insoluble in water and acetic acid, and easily decomposed by nitric 
acid. Digestion with concentrated ammonia converts it, without 
dissolution, into the salt, 2 AgO, Cg Nj H O 4 -f 2 NHg, which loses 

( 1 ) Ann. Ch. Pharu. LXI, 249; J. Pr. Chem. XL, 498. 

(2) Compt. Rend. XXIV, 436; Ann. Ch. Pham. LXIT, 807. 

(3) Ann. Ch. Pham. LXII, 241; J. Pham. [3] XII, 375. • Lanrent*a Remarks, 
Ann. Ch. Phys. [3] XXIII, 114 ; J. Pr. Chem. XLV, 171. 
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the whole of its ammonia between 2(M)° and 300®. Cyanurate of 
protoxide of silver is Uonverted, by digestion witfar caustic potassa, 
into a comp(mn<j^ in which, probably, one third of the base is 
potassa. • 

Ifjl^according to Liebig's directions for the preparation of tribasic 
cyanurate of protoxide of silver, excess of ammonia and then nitrate 
of protoxide of silver be added to a boiling solution of cyanunc acid, 
a salt separates in microscopic prisms, which evolves ammonia on 
treatment with potassa, and, when dried at 100 ®, loses the whole of 
its ammonia, yielding, on analysis, 70’55 per cent of silver; it con¬ 
tains hydrogen as an essential element, and has the formula, 
3 AgO, Cg Ng HO^.-wThe hot liquid decanted from this salt deposits, 
on cooling, a white compound, which, according to Wohler, has 
probably the formula, 3 AgO, C 6 N 3 HO 4 + 3 NH 4 O, CgN 3 H 04 , 
(49'94! per cent of silver calculated, 49*4 per cent found), and which 
loses, at 250®, 2 equivalents of ammonia, and 1 equivalent, of water. 
This sttbstjance is likewise formed, if nitrate of protoxide of silver, 
and crystallized cyanurate of ammonia, are mixed while hot, and the 
precipitate boiled with the liquid .—Cyanurate of protoxide of lead, 
3 PbO, Cg Ng H O 4 + 2 HO, is produced by adding freshly precipi¬ 
tated carbonate of protoxide of lead to an excess of hot cyanuric acid ; 
by precipitating acetate of protoxide of lead with cyanurate of 
ammonia, or cyanuric acid; or, with greater certainty, by dropping 
basic acetate of protoxide of lead into an excess of a boiling solution 
of cyanuric acid. It forms microscopic prisms, with oblique ter¬ 
minal planes; when heated in an atmosphere of hydrogen, it is decom¬ 
posed, into cyanide of ammonium, urea, and metallic lead. By boiling 
it with nitrate of protoxide of silver, a salt of the formula 2 Ag 0, 
PbO, Cg Ng H O 4 -f HO, is produced.— Copper^etMs of cyanuric acid 
could hot be obtained of defihite composition; on mixing dilute 
ammoniacal solutions of cyanuric acid and sulphate of protoxide of 
copper, a violet-blue salt, insoluble in water, ia deposited, appearing 
under the inicroscope as amethyst-coloured four-sided prisms, 
with two broader lateral planes, and two-sided terminations, and 
having, probably, the composition, 2 CuO, Cg Ng H O 4 + 2 NHg 
+ 3 HO. — ^If baryta-water be added, drop by drop, to. a boiling 
solution of cyanuric acid, as long as the precipitate formed, redis¬ 
solves, a crystalline add haryta-saltt ‘2 BaO, Cg N^ H O4 -H 2 HO, 
CgN 3 H 04 -h 4 HO, is obtained, which loses 4 eqs. of water of 
crystallization at 280®. The neutral baryta-salt^ 2 BaO, C 3 N 3 HO 4 
+ 3 HO, is precipitated on addition of chloride of barium and 
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ammouiaj or exceas of baryta-wat^j a liot'-teolution of cyanurie 
acid.—^Wohler assigns to the difficultly., soluble potassa-^t the 
formula, 2 KO, Cg N 3 H 0^+ 2 HO, Cg N 3 H O 4 , and to the salt which 
. is decomposable by water, thd foi^mula, 2 KO, G 51^3 H O 4 .—^The 
investigations of Wurta(l) are not in accordance with Wol^er's 
view of the constitution of cyanurie acid, inasmuch as he found the 
formula of cyanurie ether to be 8 C 4 Hg O Ng Og, and that of 
the corresponding methyl-compound, 3 C 2 Hg 0, ^6 ^3 ^8* 

auiphocyanide sfr’Ammonium. —Liebi'g(2) has shown that cyanide 
of ammonium removes, from the higher sulphides of ammonium, the 
excess of sulphur which they contain beyond that in protosulphide of 
ammonium, forming with it sulphocyanide of .ammonium, and has 
based upon this deportpient a method for the preparation of the latter. 
The following proportions are advantageous: 2 parts of an aqueous 
solution of ammonia of the specific gi'avity 0’y5,’are saturated with 
hydrosulphuric acid, the resulting hydrosulphatc of sulphide of 
ammonium is mixed with 6 parts of the same solution of ammonia, 
and to this mixture are added 2 parts of flowers of sulphur, and the 
distillate from 6 parts of ferrocyanide of potassium, 3 parts of 
sulphuric acid, and 18 parte of water. The mixture is digested in a 
water-bath, until the sulphur ceases to diminish in quantity, and 
the liquid has become yellow; it is then maintaised in ebullition 
until the sulphide of ammonium is expelled, and the fluid has again 
become colourless. On filtering and evaporating to crystallization, 
3^ to Sir parts of the (Jazzling white salt are obtained; 4 of 
sulphur remains undissolved. 

itiellon-comnoan ds. Psendo-salpbocyanosen and itydrosnlplio- 
mcuonic Acid. —The so-called sulphocyanogen (prepared by the action 
of chlorine on sulphocyanide of potassium) was submitted to analysis 
by A. Jamieson(3), after having bei| treated with water until a salt 
of iron produced no colouration in t^ filtrate. (This treatment has 
to be continued several days, to ensure the removal of hydropersul- 
phocyanic acid, which is very difficultly soluble in water, and the 
formation of which cannot be avoided in the preparation of the yellow 
substance). Jamieson arrived at the formula, C 4 N 2 HS 4 -fHO, as 
expressing the compositiou of pseudo-sulphocyanogen, according to 
which it may be considered as a combination of equal equivalents of 
sulphocyanogen, hydrosulphocyanic acid, and water, C 2 NSg + 6 C 2 NS 9 
+ 110 , or as Ji eqs. o| hydrosulphocyanic acid, which have parted 


(3) Ibid. LIX, 330, 


(1) Compt. Rend. XXVI, 268^ 

(2) Ann. Ch. Pharm. LXI, 126. 
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with 1 eq. of hydrogen, and assimilated 1 eq. of water(1). Fseudo- 
Bulphocyanogen is converted, by treatment with hydrosulphate of 
sulphide of potassium, into sulphomellonide of potassium, 8ulpho> 
cyanide of potassium, pentasulphide of potassium, hydrosulphuric- 
and j|Brbonic acids. J amicson constructs the following equation as 
explanatory of the formation of sulphomellonide of potassium, in 
which this body is stfpposed to be derived from the sulphocyanogen, 
which may be considered as combined in pseudo-sulphocyanogeu 
with hydrosulphocyanic afiid, 

CgN^ § 8+4 (KS, IIS) + 6 HO = K (Jg N4II3 S4 + 7 HS + KS5 + 2 (KO, CO3). 

Sulphocyanogen. Sulphomellonide 

of potassium. 

The following should have been appended to this equation, as 
explanatory of the decomposition of pseudo-sulphocyanogen (which 
Jamieson had not made his particular study): C 8 N 4 H 4 S 8 4- 
4 (KS, HS) = K 4 C 8 N 4 Sg -f 8 HS; according to his view, the 
formation of sulphocyanide of potassium required no particular 
explanation. Gerhardt and Laurent had adopted the formula, 
Cg Ng H Sg, for pseudo-sulphocyanogen, ftnd hence explain(2) the for¬ 
mation of sulphomellonide of potassium by the following equation: 

2 (Cg Ng H Sg) + 4 HO = Cg N4 H 4 S4 -P 2 (H NS^) + 2 COa-p S4. 

Accordingly, they assume the pseudo-sulphocyanogen to be con¬ 
verted, in this decomposition, into hydrosulphomellonic acid, 
hydrosulphocyanic acid; carbonic acid, alid sulphur. This is in 
accordance /with Jamieson's view. It is singular, however, that 
Gerhardt and Laurent believe to have increased, by this equation, 
the probability of their formula for pseudo-sulphocyanogen, and 
consider it as a support of thjur view regarding the composition of 
this body. Jamieson's formma explmns the decomposition in an 
equally simple manner: 

4 (C 4 Ns Ha S 4 0) = Cg N 4 H 4 S 4 + 4 (H C, NS^) + 2 CO* + 84 . 
According to Jamieson, one-half, according to Laurent and Ger¬ 
hardt, only one-third of the carbon in the pseudo-sulphocyanogen 
is converted into hydrosulphocyanic acid | a determination of the 
hydrosulphocyanic acid, formed from a known amount, of pseudo-sul- 


(1) L, Giteliu’s Remark (Handb. IV, 489) can only have reference to the amount of 

water in the pseudo-aulphocyanogen, and not to the compdeition of thill snbstaace, con- 
sidcred as anhydrous. ,, '' 

(2) J; Pharm. [3] XI, 228; Ann. Ch. Pbys. {3] XX, 118. 
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pliocyanogen^ would decide which of the two foimulse is correct.— 
Accordiug to Gerhardt and Laurent^ bydrosulphomellonic acid 
is urea-ainmelide(l), in which the oxygen is replaced'by sulphur; . 

Ureorammelide '. . . .. Cg N 4 H 4 O 4 

Hydrosulpholaellonic acid . . Cg N 4 H 4 S 4 

Meiionide of poutsaiam. —Liebig(lf) has described accurately the 
preparation of melloi^ide of potassium. Filte sulphocyanide of 
potassium is fused in a tubulated retort. the> temperature is then 
raised, and crude mellon gradudly introduced (about i to ^ the 
weight of the sulphocyanide of potassium), whereby sulphur, ammo- 
niacal products and bisulphide of carbon are volatilized. The mass, 
at hrst serai'iinid, is maintained in a state of gentle fusion, at a faint 
red heat, as long as any inflammable gas, emitting on combustion 
the odour of sulphurous acid, is evolved, and until the disengage¬ 
ment of cyanogen commences. If the operation has been successful, 
there are formed, during the cooling of the fused mass, while its 
temperature is still above the fusing-point of the sulphocyanide of 
potassium, striated groups of thin needles ,* the absence of these shows 
that the temperature employed was not sufficiently high, or that the 
quantity of mellon added, was too small. The mass is treated with 
boiling water, filtered, and the filtrate allowed to cool, when a thick 
fclt-like mass of white needles of hydrated mellonide of potassium is 
obtained, which may he freed from sulphocyanide of potassium by 
washing with alcohol, and recrystallization. 


Kakodyl of Butyric Acid. —W6hler(3) has shown, that by the 
dry distillation of equal parts of butyrate of potassa and arsenious 
acid, an oily colourless body is formed, which becomes orange-yellow, 
and then dark-brown, on exposure to liir; it possesses a very nauseous 
kakodyl-like odour, and is not spontaneously inflammable in the air; 
it forms, with protochloride of mercury, an inodorous white com¬ 
pound. Woollier has 1^ it undecided, whether this body be a 
compound analogous to oxide of kakodyl, or whether it be that 
substance itself. , 

Acids and Collateral Hatters. HelilUo Acid.— Erdmann and 
Marchand, and Echwarz, have published researches on mellitic 

(1) Liebig and Wbhter.in Ann. Cb. Pbam. LIV, 371. 

(2) Ann. Ch. Phsrm. LXI, 262; J. Fr.^ein. XL, 497. 

(3) Ann. Ch. Phariii. LXVUI, 127. 
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acid.—^The former chemist8(l) always found mellitic acid, and its 
insoluble salts, prepared in tbe known manner from mellitate of 
ammonia, to be accompanied by an admixture of ammonia. In order 
to obtain tbe pure acid, they decomposed tbe ammonia-salt, by 
boiling it witb excess of baryta, digested the baryta-salt with sul¬ 
phuric acid, and purified tbe mellitic acid, thus obtained, from 
sulphuric acid, by rfcrystallization from water. The pure acid may 
be likewise obtained by decomposing with hydrosulphuric acid, the 
lead-salt, containing ammonia, precipitating the acid solution with 
acetate of protoxide of lead, washing the precipitate, decomposing it 
once more by hydrosulphuric add, and repeating the process. The 
insoluble salts were prepared by precipitating the neutral solutions 
of the bases with the pure acid.— Mellitate of protoxide of silver 
retains a small amount of ammonia and water with great pertinacity; 
the crystalline, lustrous, scaly powder appears under the microscope as 
colourless, transparent, four-sided plates; it detonates on being heated, 
without development of electricity; the salt, dried in the air, gave 
on analysis less than 1 per cent of water; the formula, AgO, C4 O3, 
must be retained for it; the pure salt does not alter at 180®, but if 
it contains ammonia it blackens partially at this temperature, with' 
formation of water.— Mellitate of protoxide of lead, PbO, C4 0^, 
likewise retains water obstinately (even at 180®),— Mellitate of soda 
crystallizes,' on evaporation of cold saturated solutions, in large, 
irregular, striated crystals, belonging to an oblique-angular system, 
of the composition, NaO, C4O3 -4- 6 HO (the water escapes at 100®); 
from a warm concentrated solution it crystallizes in broad thin 
needles, NaO, C4 O3 + 4 HO (nearly 3 e^s. of water escape at 
100^*, the whole at 18(y^).— Neutral mellitate of potassa forms easily 
efflorescent rhombic crystals being, accordingly Natlmann, the 

combination, 00 F. oo Poo .OP.Poo .Poo; the following measure¬ 
ments were made, 00 P : 00 P = 114®, P 00 ; OP = 160®, P 00 ; OP 
= 151®; this salt has the formula, KO, O4O3 -H 3 HO, and is 
isomorphous with the ammobia-salt described by Q. Hose(2). By 
addition of mellitic acid to a concentrated soluHon of the foregoing 
salt, the sesquimellitate of potassa is precipitated as a fine crystalline 
powder, which may be obtained, by recrystallization from water, in 
small nacreous plates, and has the formula, 2 KO, 3 €403 + 9 HO. 
—Erdmann and Marchaud found neutral mellUate "of ammonia, 

(1) J. Pr. Chem. XLIIl, 129; Ann. Ch. Tharfn. LXVIIl, 327, (in abatr.); 
J. Ibarra. [3]- XIV, 68. , 

(2) 'Pogg. Ann. VII, 336. 
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which precipitates as a fine powder on addition of a concentrated 
solution of ammonia to a solution of this salt, to be of the 
same composition as the crystals^ to which this powder gradually 
changes, namely, NH4O, C4O3 + 3 HO; the effloresced salt they 
found to contain 1 eq. less of water. On evaporating the solution, 
obtained by decomposing ammoniacal mellitate of protoxide of copper 
with hydrosulphuric wid, rhombic crystals of trimellitate of, am’- 
moniOf NH4O, 3 0403,+6HO> were obtained (according to Neu¬ 
mann's determination, ooP. qoPoo.ooPoo.OP;ooP:ooP= 122®). 
On addition of mellitate of potassa to a neutral solution of a salt of 
protoxide of copper,- a precipitate is formed, from which a portion 
only of potassa can be removed with great difficulty, by washing. 
On mixing acetate of protoxide of copper with mellitic acid in the 
cold, a light-blue gelatinous mass is formed, which becomes white by 
pressure, and blue and crystalline after dessication; if the jelly is 
allowed to stand, small ci^stalline nodules are formed, which increase 
to fine transparent dark-blue crystals; mellitate of protoxide of cop¬ 
per, thus prepared, is 2 CuO, 80463 + 12 HO. If mellitic acid 
be added to a boiling solution of acetate of protoxide of copper, a 
flocculent precipitate'is obtained; on washing, it loses a portion of 
its acid, becoming crystalline, and is represented, when dried in the 
air, by the formula, CuO, C4 O3 4- 4 HO. Ammoniacal mellitate of 
protoxide of copper forms beautiful asure-blue microscopic crystals, 
which, dried in the air, were found to have the composition 3 (CuO, 
^4 O3) + NH4 O, C4 O3 -f 18 HO (at 120 ®, 15 HO, and traces of 
ammonia escape),—The mellitates of baryta and time appear, to be 
anhydrous, but difficulti#of desiccation (compare the vary in g state¬ 
ments ' of Schwarz),—^By prolonged ebullition -of mellitic acid, 
containing still some sulphuric acid in admixture, with absolute 
alcohol, saturation of the liquid with baryta, removal of the excess of 
baiyta, in the filtrate, by the carbonic acid of the atmosphere, and 
evaporation of the filtrate to dryness, over sulphuric acid, in vacuo, 
a gummy baryta-sedt was obtained, the carbon of which was very 
difficult of combustion. This salt is, according to Erdmann and 
Marchand, melUtate qf oxide of ethyl'mB. baryta, BaO, C4H5 O, 
2 C4 O3; it forms a clew solution with water; heated to ICX)® it 
undergoes partial decomposition, leaving, on subsequent treatment 
with water, carbonate of baryta. 

Erdmann and M^chand state that they have also obtabied the 
neutral mellitate of oxide of ethyl (mellitic ethw), though not in a 
state sufficiently pure for. analysis. Schwarz(l) was as unsuccea^ul 
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(1) Ann. Ch. Pharm. LXVI, 46. 
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*^ddL* obtaining it as Wohler. He likewise found that, the insoluble 
salts of mellitic acid^ when prepared by precipitating solutions of the 
metal with mellitate of ammonia, generally contained ammonia. 
According to him, mellitate of protoxide of silver is obtained pure by 
adding the solution of the ammonia-salt^ drop by drop, to an excess 
of a boiling solution of nitrate of protoxide of silver j the silver-salt, 
thus prepared, remains white even at 200^, while the ammoniacal 
salt becomes violet-brown. Schwarz, also, confirmed the formula, 
MeO, C4 O3, 'for the salts of the protoxides of silver and lead, dried 
at 100 ®, and for the crystallized acid, HO, Og; (after desiccation 
in vaettp, the latter only lost traces of moisture at 200 ®). Mellitate 
of barytUf prepared by double decomposition, separated as a thick 
gelatinous mass, becoming crystalline, and forming lustrous scales ; 
he alsjp obtained it, from very dilute solutions, in the form of fine 
needles; at 100® it only lost its hygroscopic moisture, retaining 
1 eq. of water, which was expelled only at about 330 ®. The mellitate 
of ammonia was found, by Schwarz likewise, to have the formula, 
NH4 O, C4 Oj + 3 HO, and the mellitate of protoxide of coppery 
CuO, C4 O3 + 4 HO (3 eqs. of water escaped at 100 ®, the salt 
assuming a green colour, the fourth eq. was not perfectly expelled 
even at 230 ®).—Schwarz found -eachromc a,cid to be best prepared 
by carefully heating mellitate of ammonia, over an open charcoal- 
fire, in a flat porcelain dish, stirring it continually, until the disen¬ 
gagement of ammonia ceases, and the salt is convei’ted into a pale- 
yellow powdcrl He confirmed the formula, 2 HO, C12 N O4, for 
euchronic acid, dried at 200®; by adding baryta-water, drop by drop, 
in excess, to a solution of this s^oid, h&p obtained a*, pale-yellow 
pulverulent b^ta-salt, corresponding emsely in composition to 
BaQ, HO, CigfrOg.—He confirmed the composiuon of pdramiAcy 
as being, Cg N H O4 (according to a later experiment of Wohler, 
this substance, when boiled with acetate of protoxide of lead, is 
completely converted into mellitate of protoxide of lead, with forma¬ 
tion of acetate of ammonia). When la solution of ammonia is poured 
on paramide, it immediately becomes yellow, voluminous, and is 
partially dissolved. If this solution be immediately poured into 
hydrochloric add, a snow-white pulvendent substance precipitates,, 
consisting of microscopic needles, somewhat soluble in water, which 
give with zinc tj^e blue reaction of euchronic acid, and are re- 
predpitated from their ammoniacal solutiopg^ hydrochloric acid. 
If allowed to stand a day, the ammoniac^ %lution was found to 
cuntaiij; only mellitate of ammonia. Schwars cont^iders the foimula, 
C ^HeN3 0j4, as the most probable one for this substance, dried, at 
' 179 ® f(when dried in vacuo, it contains 1 HO more); .he calls it 
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Paramidic add -—On submitting a solution of dncbronic acid totbe 
galvanic current, he observed that euchrone was deposited in small 
quantities at the platinum forming the negative pole. 

Oxailo Aeld.—L. Thompson'(l) obtained, in eight experiments, 
from 28 ounces of cane-sugar, by treatment with 124 ounces of 
nitric acid, spec. grav. 1*245, in the first operation 17^ ounces; 
in the succeeding ones *30 to 32| ounces of crystallized oxalic acid, 
(the mother-liquor, containing oxalic acid, of the previous experiment 
being added in the next), and 20 to 22^ of carbonic acid. He found 
the employment of concentrated nitric acid to produce too great a 
disengagement of heat, attended by the production of formic acid.’ 
He considers the fined result of the reaction to be expressed by the 
following equation: 

Ci 2 H,i On + 7 NOg = 6 CO 2 + 2 H© + 7 NOa+S (3 HO, Cg O 3 ); 
at the commencement of the process, the cane-sugar is converted into 
grape-sugar.) 

According to Anderson(2), hot aqueous solutions of equal equi¬ 
valents of oxalic acid and chloride of potassium, chloride of sodiunt) 
or chloride of ammonium, yield, on cooling, quadroxalate of potassa, 
and biuoxalate of s<Aa, or of ammonia; the quantity of acid salt 
formed, varies according to the concentration of the fluid. 

C. Schmidt has described the occurrence of oxalate of lime in the 
most simple cellular plants, and in the secretion of mucous mem¬ 
branes (3), as also the peculiar phenomenon of crystallization ex¬ 
hibited by this salt under the micro8cope(4).* 

Teroxide of bismuth, when boiled mth binoxalate of potassa, 
was found by Schwarzfnberg(j^) to be converted into a white 
crystalline powder of osahlate of teroxide of AimMM,,^ntainmg only 
traces of potassa, and having, when dried at 100 *^, the formula, 
BiOa, 305^03 4- 4 HO. 

Bncciiiie Acid.— Gr. Reich( 6 ) has pointed out the existence of suc¬ 
cinic acid in nearly all the speej^s of fossil woods, brown-coal, and 
pine-cones, found on the Baltic shores of the Saniland.—Bley{7) 
recommends pharmaceutists to prepare their own succinic acid; 
he obtained: (by employing glass retorts) from 16 ounces of amber, 
0*4 to 0*85 ounces of succinic acid, 3 to 4^ oimces of oil, and 9 to 10^ 
ounces of colophony, (even on the addition of sulphuric acid, diluted 

(1) Pb^. J. Traas. } Repert. Pharra. [.1] I, 383., 

(2) Cli^. Soc. Qa. J. 1,23L ' ^5) Ana. Ch. Pharm; LXIV, 126. 

(3) Ann. Ch. Phartn. LIN, 288. (6) Arch. Phann. [2] LIV^ 155. 

(4) IWd. 307. O) Ibid LIII, 48. 
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, witlr an equal weight of water, to the amber, this product was found 
to be applicable for yamish-making, after being washed with water 
containing soda). The distillation of 82 ounces of amber with 
2 ounces of crude concentrated hydrochloric acid, yielded ounces 
of succinic acid, 214 ounces of a greenish-brown tolerably liquid 
oil, and 3 ounces of nearly perfectly carbonized colophony. 

CUmrosueelnie AoM. —Gerhardt(l) is. of opinion that the true 
composition of chlorosuccinic acid {ande chloromccique of Mala- 
guti( 2 ), who assigns to it the formula Hj CI 3 Og) is Cg H3 CI 3 O4, 
i. e. metacetonic acid, in which 3 H are replaced by 3 Cl. 

Nickles(3) has examined the crystalline form* of ch|grosuccinic 
acid; he, however, considers his measurements insufficient for' the 
accurate determination of the axial system of this substance. It 
appears to crystallize in" the manoclinometric system. 

Malic Acia. —^Dessaignes and Chautard(4) have made the obser¬ 
vation that neutral malate of lime j left in contact with water for 
two days, was’ mostly converted into rough, transparent crystals, of 
about diameter; the composition of these crystals was found to 
be, 2 CaO, Cg H 4 09+6 HO; 5 eqs. of water are expelled at 100”. 
They did not succeed in a repetition of 4 his metamorphosis. 
(These cryst^s are, however, always formed, if the juice of mountain- 
ash berries be nearly neutralized with milk of lime, and then be 
left undisturbed, instead of being boiled; when they are deposited 
generally after two or three day 8 ,«bften in thick crusts). 

Nickles has made angular measurements of the crystals of 
bimalate of ammonia, (Comp. p. 19). 

Citric Acid. —Eog^-Belabaml^) has recommended mtrate of 
magmsia as J^urgative, of agreeable taste;, communications as to 
the best metiHs of preparing this medicine,-^ive been made by 
Mialhe( 6 ), Massignon(7), and 'W‘inkler( 8 ). 

Aellon of Bromine on citrates, Itaconntei, and Cltraconatos. 

—Cahour8(9) has studied the action of bfomine on citrates, ita- 
conates, and citraconates. On addition of bromine in small portions 
to a concentrated solution of citrate of potassa,-the former disap-' 
pears, heat and carbonic .acid being disragagkl. If bromine is 


(1) J. Phsrm. [3]XIV,235. (2) Berzelius’ lahwsbericht, XXVI, 7?2. 

(3) Ann. Ch. PhysiS] XXII, 31. 

(4) J. Pharm. [3] XIII, 243$ J. Pf. Chem, ‘XLV,\43* 

(5) J. Pharm. [3] XI, 431. . (6) Ibid. XII, *87. , 

. (8) 7e|urbr^h Pha^m. XVII, 280. 

Am. [3]'XIX, 484J. Pr. Ch^m, Xtl, m Ann. Ch. Pharm. LXIV, 

350 (in abstr.); f.Thann. [8] XIII, 392, ? ' 
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added until the effervescence ceases^ and the ffoid a^utnes a perma- 
ncnt reddish colour, and the excess of. bromine be (^Te^ily removed 
by a dilute solution of potassa, an ouy,.colourless'liquid} .of aromatic «»<) curA. 
odour, separates, which is a.mixture of three different'substances; 
the most volatile of these is bromoform (Cg H Brg; CahoUrs detcav- 
mined its spec. grov. as 2*90 ut 12®, its boiling-point l§2^/itavapour- 
density 8*63, by calculation 8*56, on the assumption of a cmidensa- 
tion to 4 volumes) j the least volatile product is crystallizable and 
partially decomposable by heat; the third substance is formed only in 
small quantity, and caimot be freed from the two former. If, in the 
distillation of the .. oleaginous fluid with water, the operation be 
interrupted^ as soon as oily drops cease to separate from the aqueous 
distillate, the residue in the retort solidifies, on cooling, to a cry^l- 
line mass; this being washed with water, and dissolved in boiling 
alcohol, the resulting solution, if saturated, deposits on cooling, long 
white needles, of silky lustre j if more dilute, broad transparent plates 
are obtained by spontaneous evaporation. The substance thus ob¬ 
tained, which is insoluble in cold and hot water, but soluble in 
alcohol, ether, and pyroxylic spirit, has the composition H Br^ O^,, 
and is called by Cal^urs hromowaform, it fuses at 74® to 75® j if the 
temperature is raised, it sublimes partially 'Unchanged, t]^e remainder 
is decomposed with liberation of bromine; it is disso!^ by a con¬ 
centrated solution of potassa in the cold, and'decomposed by .it under 
heat, with fomation of bromide of ^otassiuni,. oxalate of potassa, and 
bromoform; concentrated, sulphuric acid dissolves it tb a small extent 
at a gentle heat, and decomposes it, at the boiling temperaturq, with 
evolution of bromine and formating of an oily substance; moderately 
concentrated nitric acid has^ no action upon it in the^^d, it dissolves 
a small portion by the aid bf' heat (depositing it agalfpbn cooling, in • 
thin needles), while the remainder fuses to an oil, solidifying with 
crystalline texture, on cooling.—rThe citrates of soda and baryta 
comport •themselves analogously to citrate of potassa; citrate of 
ainmonia behaves differently j the action of bromine upon it causes 
an abundant evolution of carbonic acid, but no oleaginous fluid is 
formed.—'The addition of bromine, drop by drop, to a concentratt'd 
solution of neutral itaconate or citraconate of potassa, produces an 
elevation of temperature, carbonic acid is evolved, and an oily liquid 
gradually separates. This is washed with potassa, upon which a 
slight Residue, of an aromatic odour, remains behind; dilute hydro¬ 
chloric acid separates from the alkaline solution, •sometimes an oily,**' 
sometimes a butter-like substance, which soon seUdifles; both 
bodies have the same composition, W differ, not only in their state 
VOL. i. c c ' 
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of aggregation, but also by the solid substance being more soluble 
than the liquid. The latter, when washed and dried in vacuo over 
sulphuric acid, is a pale amber-yellow liquid, possessing a peculiar 
odour, pungent taste, and a higher specific gravity than water; it is 
but slightly soluble in the latter, but dissolves in alcohol and ether 
in all'proportions; its formula is CgH 5 Br 2 04 j when kept for a 
lengthened period, it sometimes remains liquid and sometimes crys¬ 
tallizes; it is partially decomposed on distillation, with evolution of 
hydrobromic acid and separation of carbon; it is scarcely attacked by 
moderately concentrated nitric acid, but is dissolved by concentrated 
sulphuric acid at a gentle heat, and partially reprecipitated by water; 
a concentrated solution of potassa decomposes it, with disengagement 
of heat and a very peculiar odour, so that an oily liquid is no 
longer separated from the alkaline solution by an acid; it is an acid 
substance (termed by Cahours, Bromotriconic acid), forming with 
ammonia a soluble salt, which crystallizes in yellowish-white scales, 
greasy to the touch, of the composition N H 4 0, 3 (Cg H 5 Br^ O 3 ); 
by decomposition of the ammonia-salt with nitrate of protoxide of 
silver, a silver-salt, Ag O, C3 Hg Br^ O 3 , is obtained as a curdy pre¬ 
cipitate, somewhat soluble in water, and becoming a tenacious mass 
after a little time; with oxide of ethyl it forms a liquid ether, C 4 H 5 0 , 
Gg Hg Br^ Oj, which has a penetrating odour when heated; its fiavour 
is similar to that of the radish, it is heavier than water, and undergoes 
partial decomposition by distillation. (It is prepared by dissolving 
the acid in alcohol, saturating with hydrochloric'acid at 70** to 80°, dis¬ 
tilling and adding water to the distillate, upon which a heavy oil sepa¬ 
rates, which is washed first with alk^^e and then with pure water). The 
solid acid, into which the liquid likewise occasionally changes, may be 
obtained by redfystallization from ether in the firm of long needles, 
of silky lustre; it has the same composition as the foregoing liquid, 
fuses at a slightly elevated temperature, may be nearly completely 
volatilized by a gentle heat without decomposition, is tolerably soluble 
in cold and more so in boiling water, and separates from this solu¬ 
tion, on cooling, m thin needles; it forms with the alkalies soluble 
and crystallizable salts; with the protoxides of lead and silver, 
slightly soluble compounds.—If bromine is allowed to act on a solu¬ 
tion of citraconate of potassa, cimtaining an excess of alkali, carbonic 
aci)l is likewise disengaged, and a yeUowish oil formed, which is 
partially soluble in a dilute solution of potassa, an oil, of an agreeable 
odour, being left behind; the acid, taken up by the potassa, is sepa¬ 
rated from the alkaline solution, by acids, in white crystalline fiakes, 
which are washed with a small quantity of water, pressed between 
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bibulous paper, and dried in vacuo. It is obtained, by recrystallization bromtUe'on 
from ether, in the form of long needles, of the composition 
Cj Brg O 4 . This substance is tolerably soluble in cold, and more 
so in bmling water'; it dissolves in all proportions in alcohol and 
in ether, and may be completely volatilized without decomposition by 
careful application of heat. Cahours has termed it bromitonic add. 

—^The acids, Cg Hg Br^ and Cg Bfj O 4 , may be regarded as butyric 

and metacetonic acids, in which 2H are replaced by 2 Br. The 
compound, Cg Hg Br^ O^- could not be prepared by the action of 
bromine on butyric add. . By allowing the action of bromine on 
neutral citraconate«of potassa to continue just until a few drops of 
the oily fluid had separated, Cahours obtained, by evaporation, a 
saline mass, partly soluble in alcohol; the addition of a few drops of 
sulphuric acid to the alcoholic liqdid separated a substance soluble in 
water and in alcohol, of an odour similar to that of the volatile fatty > 
acids, but less powerful, and rather different from that of butyric acid. 

By treating an alcoholic solution of Cg Hg Br^ O 4 with potassium- 
amalgam, bromide of potassium was formed, and a potassa-salt 
remained dissolved in the alcohol, from which acids separated a crys- 
tallizable substance, very soluble, particularly so in hot water, and 
possessing the odour of the volatile fatty acids.—The* aromatic liquid, 
mentioned several times previously, in the preparation of the brominated 
acids, as insoluble in dilute potassa, is likewise insoluble in pure water, 
but dissolves in alcohol and ether; it has a high specifle gravity, and on 
being heated, evolves hydrobromic acid, leaving a carbonaceous residue. 

Its analyses correspond to the formula, Cg Hg Brg which Cahours, 
however, does not consider as deflhitively established.—The following 
is stated by Cahours respecting the action of bromine on salts of 
other organic acids. On adding bromine, drop by dr^, to a slightly 
alkaline solution of oxalate ’ of potassa or soda in the cold, no action 
ensues, but at a temperature of 40® to 60®, bromide of potassium or 
of sodium and carbonic acid are formed. Oxalate of protoxide of 
lead, or protoxide of silver, exhibit a similar behaviour, . Bromine 
has no action on tl^e acetates of potassa or soda. Alkaline p 3 rro- 
mucates and pyromeconates are violently- acted upon by bromine, with 
formation of a heavy reddish oil, and disengagement of fumes, of a 
penetrating odour, which stropgly attack the eyes.' Tartrate of potassa 
forms, with brothine, bromide of potassium and bitartrate df 
potassa; malate of potassa behaves with bromine like citrate of 
potassa, the producte of decomposition do not, however, appear %) 
marked. Alkaline tannates aud gallates are vmlently aicfed nppn by 
bromine; the only result, however, ds-a brownish resin, which is 
sometimes tenacious, sometimes brittle. 
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Tartaric Acid.— M ohr(l) has communicated some observations on 
the purification of bitartrate ofpotasaa incidentally 

he has determined that 1 part of tartrate of lime is soluble in 6265 
parts of water at 15®, and in 352 of boiling water, Knop(2) has 
found crude bitartratc of potassa to contain a yellow colouring matter, 
insoluble in carbonate of soda, but soluble in caustic ammonia or 
potassa. 

The amount of water in several tartrates has been again determined 
by Berlin(3). He likewise found the ci^stallized neutral potassa- 
salt to contain 2 KO, Cg + HO, (the water is not expelled at 

100®, but is so at 180®); tartrate of potassa and soda he found, like 
Schaffgotsch, Mitscherlich and Fresenius, to be KO, NaO, 
Cg H^Ojy+S HO; the tartrate of teroxide of antimony and potassa^ 
in whatever way it was prepared, had the formula KO, SbOg, Cg 0|g 
+ HO, (exposed to a stream of dry air at 100®, this salt rapidly loses 
about ^ of its water, the remainder escapes only very slowly; above 
100®, the elements of water in the substance combine, and at 130® to 
180®, one eq. of newly formed water escapes, at 200® to 220® a 
second is expelled); the tartrate of teroxide of antimony and am- 
moniay isoraorphous with the former; is NH^ 0, SbOg, Cg H^ O,o 
+ HO, (1 eq. of water escapes by the efflorescence of the salt, or 
more rapidly at 70® to 80®; at 100® 2 HO more arc expelled; no 
ammonia escapes even at a temperature of 200®); the formula of a 
tartrate of teroxide of antimony and ammonia of an aqueous constitution 
different from the former, was found to be NH^ 0, SbOg, Cg H^ O^g 
+ 5 HO. This salt is deposited as a crystalline powder on rapidly 
codling a solution of the double tartrate, and keeping it continually 
stirred, and sometimes also, alone or together with the former salt, 
on spontaneous evaporation of the solution, im large fiat, easily 
efflorescing four-sided prisms, (the 5 eqs. of water of crystallization 
escape at 100®, together with 1 eq. of newly formed water); 
Berlin’s formula for the tartrate of teroxide of antimony and baryta 
is 2 (BaO, SbOgj Cg H^ Oj,,) + 5 HO, in accordance with the deter¬ 
minations of Dumas and Piria, (at 100®, 2 eqs. of newly formed 
water escape, besides the 5 eqs. of water of crystallization; at 250® 
2 farther eqs. are expelled); tartrate of teroxide qf antimony and 
protoxide of silver was also found by him to be fuihydrous. 


(1) Arch. Pbann. [2] UII, 161. 

(2) Pharm. Centr. 1848, 63. 

(3) Arch. Pharm. [2] LII, 257, (in abitr.); Ann. Ch. Pharm. LXIV, 388; J. Pharm. 
'1 XIV, 379. 



ACIDS AND COLLATERAL MATTERS. 


389 


According to P. Ke 8 sler(l), a mixture of a warm saturated solu¬ 
tion of. equal equivalents of tartrate of teroxide of antimony and 
potassa^ and of nitrate of strontia, deposits a crystalline mass, whicli, 
by washing with hot water, dissolving in a cold solution of nitrate 
of strontia, and heating to 100 ^, may be obtained crystallized in small 
prisms. This compound is tartrate of teroxide of antimony and 
strontia^ SrO, SbOj, Cq O^q; it may be heated to 210° for some 
time without sustaining any appreciable loss. By digesting it at 30° 
to ,35° with a solution of 1 part of nitrate of strontia in 2 of water, 
and allowing the solution to evaporate spontaneously, fine large 
crystals of a compound SrO, SbO^, Cg H 4 Ojo + SrO, NO 5 + I 2 HO 
are obtained which are easily soluble in cold water, (the foregoing 
salt separates from this solution on the application of heat). They 
arc not affected by cold sulphuric acid, but are decomposed by warm 
acid with the formation, first of carbonic oxide, and then of binoxidc 
of nitrogen and sulphurous acid. 

Schwarzenberg( 2 ) obtained, on boiling teroxide of bismuth 
with' bitartratc of potassa, a clear syrupy filtrate, w'hich was 
precipitated by acids, but not by water, and w'hich yielded, by con¬ 
centration in the water-bath, a heavy white crystalline pow'der of 
tartrate of teroxide of bismuth and potassa, having, when dried at 
100 °, the composition KO, BiOg, Cg H* O^o; it was decomposed by 
water, (the latter becoming acid, without containing any bismuth in 
solution). 

Marsson(3) has contributed to our knowledge of the tartrates of 
sesquioxide of iron and potassa.—With respect to the compounds 
resulting from acid tartrate of potassa and boracic acid or biborate of 
soda, Krug(4) has endeavoured to establish the view that the 
boracic acid does not exist in them as a base (analogous to the 
teroxide of antimony in the tartrate of antimony and potassa), but 
that these substances contain a peculiar conjugate acid, consisting of 
boracic and tartaric acids* 

nietamurpboses of TartaHc Acid hj Heat. —Frcmy(5) had stated, 
that crystallized t^t'aric acid (2 HO, Cg -H 4 Oio), lost by heating, 
first ^ HO, being converted into tartralic acid, that it then, by the 
loss, altogether, of 1 HO, changed into tartrelic acid, and that at 
last by losing 2 HO it became anhydrous tartaric acid^ Laurent 


(1) Chein. G*z. 1849, 97; Pogg. Ann. LXXV, 410; J. Pr. Chem. XLV, 361, (in 
abstr.); AnnrCh. Pharm. LXVIII, 334. 

(2) Ann. Cb. Pharni. LXI, 244. (4) Arch. Pharm. [2] LV, 17. 

(3) Arch. Phalm. [2] LUI, 169, (5) Ann. Ch. Phy«. [2] LXVIII, 35^. 
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and Gerliardt(l) make the following statements: crystallized tartaric 
acid, when care/ully heated in an oil-bath until just perfectly fused, is 
converted, without loss Of weight, into another acid, metatartaric 
addf which has the appearance of a transparent gum, is deliquescent, 
forms, with 'potassa and ammonia, aCid salts of different forms of 
crystallization, and of greater solubility than the tartrates, does not 
precipitate lime-salts by itself, and only slowly and from concentrated 
solutions, when neutralized with ammonia, producing a precipitate, 
which is soluble in much water, and of a crystalline form, different 
from that of tartrate of lime. According to Pasteur^s observation, 
it deflects the plane of polarization in the same direction as tartaric 
acid. The acid metatartrate of ammonia soon separates, on addition 
of a little ammonia to fused tartaric acid, in the form of groups 
of needles; its composition is the same as'that of bitartrate of 
ammonia, (NH^ 0, 110, Cg 0,o), it may be recrystallized from its 
solution in lukc-warm water, but is converted, by boiling, into the 
tartrate. The acid metatartrate of potassa corresponds in appearance, 
behaviour, and composition to the former salt. If* metatartaric acid 
be neutralized with potassa, alcohol precipitates a transparent oil 
which slowly solidifies to tartrate of potassa. The neutral lime- 
salt, when crystallized, is 3 CaO, Cg Ojo+S HO, dried at 160^ 
it contains % eqs. of water, at 330“ it becomes anhydrous. Wlien 
once crystallized, it is difficultly soluble in boiling water, by which it is 
converted into common tartrate. The neutral baryta-salt precipitates 
on addition of a salt of baryta to neutral metatartrate of ammonia, in 
the form of a series of globules, having the same composition as the 
crystallized tartrate of baryta.—If tartaric acid be kept in fusion for a 
longer period, there is formed, besides the former acid, another, viz.: 
isotartarie add^ the neutral salts of which am isomeric with the 
acid tartrates, and whose lime-salt (a very soluble neutral> syrupy, un- 
crystallizable compound) becomes acid on boiling; this reaction is 
accompanied by the formation of metatartaric acid and neutral ineta- 
tartrate of lime. This lime-salt, in an impure state, is Fremy's 
tartralate of lime. . It is procured, not quite frc« from metatartrate of 
lime, by heating tartaric acid a little above its fusing point for some 
time, and saturating the aqueous solution of the mais with esrbcmate 
o/ lime, when, besides a tenacious insoluble salt (the so-called tar- 
trelate), a very soluble neutral salt is obtained. It may be prepared 
pure from isotartridic acid formed by heating tartaric acid to 

(I) Corapt. Rend. XXVIl, 318} Inttit. 1848, 293; Lsnrent ubd Gerhardt’s Cowpt. 
Rend, des 'frav. Chim, 1848,1 (J. Pr. Chain. XLVI, 360) and 97. ^ 
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intumescence^ as will be presently described; by dissolving this acid 
in cold water, saturating with ammonia, mixing the liquid with a 
concentrated solution of acetate of lime, and adding alcohol drop by heat, 
drop, while the mixture is kept stirred, it separates as a thick, trans¬ 
parent oil, scarcely coloured; the supernatant liquid is poured off 
and alcohol added to the precipitate, which is still kept continually 
stirred, when the whole soon .becomes solid and apparently 
crystalline; the mass is then washed with alcohol and dried. If the 
operation has been conducted rapidly, a neutral salt, easily soluble in 
cold water, is obtained, which, dried at 160^, has the composition 
CaO, Cg H 5 Oil* Isotartrate of potassa precipitates as an oil, on 
adding isotartridic acid in the cold to a slight excess of an alcoholic 
solution of potassa; it is uncrystallizable and deliquescent;^ and is' 
converted by heat into the acid metatartrate. The isotartrate of am¬ 
monia, obtained in the same manner, is likewise uncrystallizable and 
is converted by heat into the acid metatartrate, without loss of 
ammonia. When added to acetate or sulphate of protoxide of copper, 
it produces no precipitate, but, on addition of alcohol, the isotartrate 
of protoxide of copper separates as a glutinous green salt.—^The 
tenacious lime-salt, discovered by Braconnot, which is obtained 
from tartaric acid, subjected to a higher temperature, and saturated 
with Carbonate of lime, was considered by Fremy to be tartrelate.of 
lime (comp. p. 390); according to Laurent and Gerhardt the 
acid contained therein is isotartridic add (the hydrate, according 
to the generally adopted view), isomeric with anhydrous tartaric 
acid (Cg H 4 0 , 0 ). The salts of isotartridic acid are easily prepared 
by the '^addition of the acid to solutions of acetates; 'with alkalies, 
however, it immediately forms isotartrates. Isotartridic acid renders 
lime-water turbid and produces a syrupy precipitate with acetate of 
lime or baryta, but not with nitrate of baryta. The lime-salt is 
prepar^ by a method similar to that for the isotartrate. The com¬ 
position of the isotartridates of baryta, strontia and protoxide of lead 
was found to be expressed by the formula MO, Cg Hg Og. 

Prrouiitarle Acid. —Arppe(l) has. accurately investigated pyro- 
tartaric acid. He prepared it, according to the directions giveil by 
Millott and Beiset, by distilling pulverized tartaric acid with 
powdered pumice-stone (carbonic acid, water, some acetic acid and ' 
empyreumatic oil being produced, besides pyrotartaric acid)* The 
aqueous was separated from the oily distillate by a wet filter, and 

In abstract from “ Disiert. de Acido Fyrotdrtarico, Helsingf. 1817” iu Ann. Ch. 
Pharm. LXVI, 73, 
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evaporated at a gentle Keat^ till it commenced to crystallize ; the 
resulting crystalline mass was spread on bibulous paper, in an 
atmosphere of alcohol-vapour, by which means the impurities were 
dissolved, and absorbed;, the aqueous solution of the crystals thus 
purified was digested with nitric acid, crystallized, and the crystals 
fused, to expel the nitric acid; the pure pyrotartaric acid thus 
obtained, amounted to 7 per cent of the weight of tartaric acid 
employed.—Pyrotartaric acid has an agreeable and cooling acid 
taste, it is inodorous, fuses, and commences to vaporize at 100 ®, it 
boils at 190®, upon which the boiling-point gradually rises to 220 ®. 
It is soluble in 1 ^ parts of water, at about 20 ®, and expels carbonic 
acid from its combinations. Its composition, in the crystalline state, 
or fused at 100®, is, IIO, Cg H 3 O 3 (as already stated by Felonze). 
After fusion and continued ebullition in a glass tube, it crystallizes 
no longer, or only partially; the portion that remains fluid has no 
acid reaction, and separates from water in the form of oily drops, 
which, however, disappear after some time. This oily fluid is 
obtained pure, by distilling pyrotartaric acid with anhydrous phos¬ 
phoric acid (in the first portion of the distillate); it is colourless, 
inodorous at 20®, and smelling of acetic acid at 40®; it is heavier 
than water, remains fluid at 10®, and boils at 230® almost without 
decomposition; it is neutral, easily soluble in alcohol, and reprecipi¬ 
tated by water, and becomes converted by the latter, and even more 
rapidly by the alkalies, into crystallized pyrotartaric acid.—It has 
the composition of anhydrous pyrotartaric acid.—With respect to the 
formulffi of the pyrotartrates analysed by Arppe, he has given the 
following synopsis (X representing Cg II 3 O 3 ): 


CaO, X + 5(HO,X) + 2IIO 
FCjOj, 3X +15 (Ha, X) + 3 IIO 
Ba O, X + IIO, X + 2 HO 
3(BaO,X)+ 2(HO,X) + 3HO 


ACID SALTS. 

SrO,X+ HO, X +2 lift 
BeO, X + 3(HO,X) 

NiO,X + 3(n0,X) 


K 0,X + II0, X 
Na O, X + HO, X 
NH40,X + II0, X 


NEUTRAL SALTS. 


NaO,X + 6IIO 
ZnO,X + 3HO 
ZnO,X+ IIO 
ZnO, X 


MgO,X + 6HO 
MgO,X + 4HO 
MgO,X+ HO 
CaO,X + 2nO 


CoO,X + 3nO 
CoO,X + 2IIO 
CoO,X+ HO 
CuO,X + 2lIO 


MnO,X + 3HO 
MnO,X+ 110 
Ni 0,X + 2II0 
PbO,X + 2HO 


BaO,X+2HO 
8rO,X+ HO 
KO, X+ IIO 


Ago, X 
l*bO, X 
Fe,03,3X 


BASIC SALTS. 

Fep,, 2X+ 6110 I AlgOg, 2X+ HO I 2BiOa, 3X + 2HO I 3Pb0, X 

9Fe.A. X + IOHO 2Cu0, X + 2HO 2Fe20a,3X+ HO 2 PbO, X 

SFcjOj, X 2ZnO, X+ HO 2UaO„3X+ 110 2 SnO, X 


nabemic Actd.— Respecting Pasteur^s statements on the com|Josi- 
tion bf racemic acid, compare page 22. Laurent and Gerhardt 
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(in their researches, page 390) found that racemic acid could be 
likewise fused and converted into metatartarie acid, without loss of 
weight. 

Lacuc Acia.—On the occurrence of lactic acid in flesh, see 
“Flesh.” . ♦ 

On Bensch’s prescription for the production of lactic acid, 
see “Butyric Acid.'*—^Engelhardt and' Maddrell(l) obtained, 
according to that prescription, from 18 pounds of cane-sugar, about 
21 pounds of lactate of lime; the acid, separated from the salt of 
protoxide of zinc by hydrosulphuric acid, or from the lime-salt, by , 
an exact equivalent of sulphuric acid, and evaporated to syrupy 
consistency, was further purified by solution in ether, and evapora¬ 
tion. With respect to the formation of butyric acid, they differ 
from Wackcnroder's(2) opinion that this acid was not produced 
when a ferment free from fat was employed. They found that by 
using casein, free from fat, as a ferment with pure lactate of lime, 
and observing the other conditions requisite for the production 
of butyric acid, the conversion was readily effected, whereas, without 
the addition of a ferment, the pure lactate of lime remained un- 
ehanged. Access of air was found to accelerate the convei*sion of 
lactate of lime into butyrate, but not to be actually indispensable in 
the process. The gas generated during this change was found to 
consist of about 3 carbonic acid to 4 hydrogen. Engclhardt and 
Maddrell did not observe the formation of mannite, in the prepara¬ 
tion of lactic acid from sugar, (which has been since showm to be 
alw'ays present, compare page 353), but noticed the production of 
a gummy substance. The syrupy mass, obtained by evaporation of 
the mother-liquor, was dissolved in boiling spirits of wine; from 
this solution separated, on cooling, a crystalline lime-compound, 
which, after recrystallization from alcohol, was found to have the 
composition, CaO, Cjo + 12 HO (the water escapes by 

exposure in vacuo); on precipitating the aqueous solution of this 
compound by carbonate of ammonia, and evaporating considerably, 
the syrup obtained had not the slightest sweet taste.—^They, like¬ 
wise, failed in obtaining lactic acid in the solid form, even at from 
— 20® to — 24®.—The lactates investigated by them were found to 
be insoluble in «ther, and difficultly soluble in cold water and 
alcohol; only a few of them were easily and considerably soluble in 

(1) Ann. Ch. Pharm. LXHI, 83; J. Pr. Chcm. XLIII, 390 (in abstr.); J. Phann. [3] 

XIT, 447 (in which GerYiardt claims the priority of considering lactic acid as bibasic). 

(2) Arch. Pharin. [2] XLVII, 249. * 
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boiling alcohol, they are soluble to a greater extent in boiling water. 
All lactates, with exception of the salt of protoxide of nickel, part 
with the whole of their water of crystallisation at lOO*^; most of 
them may be heated up to from 150® to 170®, and the lactate of 
protoxide of zinc up to 210®, without decomposition.—If excess 
of carbonate of protoxide of silver be boiled with lactic acid, 
lactate of protoxide of silver crystallizes from the neutral solution 
formed, in silky needles, generally grouped in warty concretions, 
which easily blacken on exposure to light, and fuse, with decomposi¬ 
tion, at 100^’; when dried in the air this salt is AgO, Cg Hg O. 
+ 2 HO. It parts with its water at 80®, and in vacuo.—Lactate of 
protoxide of copper^ obtained in the same manner, and purified, by 
rccrystallization, from a basic salt, which generally is produced 
simultaneously, forms large crystals, varying in colour between blue 
and green, which, according to Ettling's determination, arc mono- 
clinometric, and have the formula, CuO, Cg Hg Og + 2 HO j they are 
soluble in 115 parts of cold, and 26 parts of boiling water, the 
solution having a strongly acid reaction; by the addition of a little 
alcohol to the aqueous solution, the salt is obtained of a light-blue 
colour, and of satiny lustre, but of unaltered composition.—In the 
preparation of the preceding salt, soon after the solution has cooled, 
a basic salt is deposited, of a light-blue colour, and of the formula, 
2 CuO, CgllgOg, when dried at 100®; it is difficultly soluble in cold 
as well as boiling water, and may be separated, by levigation, as the 
heavier substance, from another basic salt, which is formed at the 
same time.— Lactate of protoxide of cadmium (prepared like the 
silver-salt) crystallizes from the solution, evaporated to the formation 
of a pellicle, in small, anhydrous, colourless needles, GdO, Cq Hg Og; 
it is insoluble in cold and warm alcohol, but soluble in 10 parts 
of cold, and 8 of boiling water; the solution is neutral.— Lactate 
of suboxide of mercury is. obtained'by mixing concentrated solu¬ 
tions of lactate of soda, and of nitrate of suboxide of mercury. The 
mixture is at first colourless, but assumes afterwards a beautiful rose, 
or cannine colour; some mercury is deposited, and in about twenty- 
four hours magnificent groups of crystals, of the same colour, 
separate from the filtrate, in the form of rosettes. The formula of 
this salt is Hgg 0, Gg Hg Og4-2HO; at 100® it. darkens, without 
being decomposed; it is difficultly soluble in water, cold or boiling, 
likewise in boiling alcohol, and. is insoluble in cold alcohol. The 
solution has a strong acid reaction; the aqueous solution is decom¬ 
posed by boiling, with separation of metallic mercury, and formation 
of a salt of the protoxide.— Basic lactate if protoxide of mercury, 
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2 HgO, Cf. H 5 O 5 , is produced by boiling protoude of mercury with 
lactic acid till the solution is saturated, evaporating it to the 
consistency of syrup, and treating the crystalline mass, that separates, 
with boiling water, in which it dissolves, (leaving a light-yellow.^ 
pulverulent residue); it crystallizes from this solution in highly 
lustrous, anhydrous prisms, easily soluble in, cold and boiling 
water, but difficultly so in cold and boiling alcohol. The solutions 
have a strongly acid reaction, and are not decomposed by boiling.— 
Basic lactate of protoaiide of tin, 2 SnO, Hg Og, separates as an 
anhydrous crystalline powder, on mixing lactate of soda with an acid 
solution of protochloride of tin; this powder is insoluble in cold and 
boiling alcohol, and in cold water, very slightly soluble in boiling 
water (yielding an acid solution), it dissolves freely in hydi'ochloric 
acid, and but slowly in acetic acid.—Addition of bichloride of tin to 
lactate of soda produces no precipitation, nor does the mixture, 
evaporated to syrupy consistency, deposit any crystals.— Lactate 
of protoxide of lead could not be obtained in the crystalline state, 
nor of definite properties; the neutral solution yields, on evaporation, 
a gummy mass, which is easily soluble in dilute spirit, but slightly 
so in alcohol, with application of heat.— Lactate of sesquioaMe of 
uranium was formed by dissolving the sesquioxide in lactic acid, 
and evaporating to the consistency of syrup, when, on cooling, the 
anhydrous salt was deposited in light-yellow crusts (Ug O3, CgHg Og). 
It is but very little soluble in alcohol, but easily so in cold and 
boiling water. The solution has a strongly acid reaction, and is 
decomposed by solar radiation, with green coloration, and subse¬ 
quent deposition of brown' sesquioxide of uranium.—^Teroxide of 
antimony is scarcely soluble in lactic acid, but dissolves to a con¬ 
siderable extent in acid lactate of potassa, no crystalline compound 
could, however, be obtained; nor could the combinations of lactic 
acid with the sesquioxides of iron and chromium, or with alumina, 
be obtained crystalline.— Lactate of protoxide of iron was prepared 
according to Pagenstecher’s prescription (this salt separates after 
twenty-four hours from the mixture of lactate of ammonia with 
protochloridc of iron), or better, by decomposing sulphate* of pro- , 
toxide of iron with lactate of baryta in a flask, at the boding 
temperature, and adding alcohol to the filtrate; it crystallizes from 
water in tolerably large, paleryellow needles, and from dilute spirit in 
small wiiito needles; when dried in the air it has the composition, 
FeO, Cg Ilg Og-f 8 HO; when exposed to the air it becomes oxidized, 
assuming a dark colour, and loses water at 50'^ to '60*^,’ It is 
difficultly soluble in cold, and tolerably so in boiling water and 
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alcohol, the solutions have an acid reaction, and become dark-brown 
on closure to the air,—The formula of lactate of protoxide of zinc, 
in the crystallized state, and dried in the air, has been confirmed by 
^ Engelhardt and Maddrell as being, ZnO, Cg Hg O5 4-3 IlO j it 
dissolves, according to them, in 58 parts of cold, and 8 of boiling 
water, but is scarcely at all soluble in cold or in boiling alcohol j the 
solutions are acid. With the composition of this salt corresponds 
exactly that of the lactate of protoxide of nickel (which occurs in 
apple green needles, or crystalline crusts; losing 2 eqs. of water at 
100”, and the third only at 130”); as does likewise that of the peach- 
blossom lactate of protoxide of cobalt, that of lactate of protoxide of 
manganese (which forms colourless, or pale-amcthyst crystals), and 
that of lactate of magnesia (forming crystalline crusts, which are not 
efflorescent).— Neutral lactate of lime crystallizes from its concen¬ 
trated aqueous solution in hard grains, consisting of concentric rings 
of radiating crystals, of the formula, CaO, Cg Hg Og + S HO (Engcl- 
hardt and Maddrell found that the whole of the water was 
expelled at 100”) j they are soluble in 9*5 of (fold water, and in all 
proportions in boiling w'ater, but not at all in absolute alcohol; the 
aqueous solution is neutral. Lactate of lime is deposited from its solu¬ 
tion, in dilute spirit, as a magma of crystals, which contain the same 
quantity of water as above-stated. The aqueous solution of this salt, 
mixed wdth excess of chloride of calcium, and concentrated conside¬ 
rably, produces prismatic crystals, not affected by the air, of the 
composition CaCl + CaO, Cg Hg Og + 6110, which are easily soluble 
in. water and boiling dilute spirit, only slightly so in cold alcohol, 
but tolerably soluble in hot alcohol, and lose 5 HO at 110”. Hy 
recrystallization, pf these crystals from w'atcr, a salt is obtained, con¬ 
taining a smaller amount of chlorine.— Acid "delate of lime is 
produced by adding lactic acid to a solution of the neutral lactate; 
crystals of the latter salt are first deposited from the solution, on con¬ 
centration to syrupy consistency; nodules of radiated fibrous crystals 
are obtained, having the composition, CaO, CgHgOg + HO, CgllgOg 
+ 2 HO. This acid salt is soluble in alcohol, loses 2 HO at 80”, 
and is decomposed by exposure to a higher temperature.— Lactate of 
strontia is a neutral salt, similar to the lime-salt; when dried in the 
air it has the formula, SrO, Cg Hg O5 + 3 HO, becoming anhydrous at 
100”.— Neutral lactate of baryta could not be obtained crystallized ; 
the acid lactate, however, was produced as a distinctly ci^stalline 
salt of strongly acid reaction, unaffected by the air, and having, 
when dried in the atmosphere, the composition,. BaO, Cg Ilg O5 
+ HO, CgllgO^; at 100” it shrinks a little, and haa an empyreu- 
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matic odour.—^The potassa-, soda-, and ammonia-salts could not be 
obtained in crystals. Engelhardt and Maddrell believe lactic 
acid to be bibasic, and that its formula should be doubled, and are 
of opinion that the existence of the acid salts just described, and the ^ 
conversion into butyric acid, are arguments in favour of this 
vicw(l). 

Engclhardt(2) has likewise investigated lactate of terouAde of 
biamuth. Carbonate, or hydrate of teroxidc of bismuth, dissolves 
only to a small extent in lactic acid, without forming an insoluble 
salt; the strongly, acid solution, after concentration, deposits, on 
cooling, small needles of a salt, which may be obtained in larger 
quantity by mixing excess of lactate of potassa, in the cold, with 
a solution of teroxidc of bismuth in nitric acid, and dissolving, 
in as little water as possible, the magma of crystals which sepa¬ 
rates from concentrated solutions; lactate of teroxidc of bismuth 
soon separates in crystalline crusts (a larger quantity is deposited, 
after a time, from the mother-liquor, on mixing it with spirit till it 
becomes milky); this salt is, BiOg, 2 Cg Hg O5; it is only slightly 
soluble in cold, but more so in hot water ; its solution in the latter 
does not, however, yield any crystals on cooling, but. deposits the 
salt, ujion concentration, in crystalline crusts, soluble in a small 
quantity of water, the solution being rendered very turbid by farther 
dilution.—On mixing hot solutions of lactate of soda, and nitrate of 
teroxidc of bismuth, or upon adding the latter to excess of a mode¬ 
rately dilute solution of the former salt, and boiling, an abundant 
pulverulent precipitate of BiOg, Cg Hg O- is formed, w^hich is not 
dissolved or decomposed by boiling water. 

Licbig(3) has observed that the lactic acid prepared from mus¬ 
cular flesh, forms a crystalline lime-salt, containing 4 eqs. of water, 
and a salt of protoxide of zinc, containing 2 eqs. lie considered 
it possible, that this difference in the amount of water, from 
that hitherto found’ in these salts, might arise from his having 
produced the crystallized salts by evaporation, and not by cooling.— 
Engclhardt(4) has shown, however, that lactic acid \a) obtained 
from flesh, and that {b) prepared from sugar, really produce salts of 
diflerent aqueous constitution; they differ, likewise, not only with 
respect to the temperature at which they part with their water, or 


(1) It may be added that, in that case, the fonnula of lactic acid Mrould stand in a 
more simple relation to that of milk-sugar, and of grape-sugar. 

(2) Ann. Ch. Pharm. LXV, 367. (3) Ibid. LXII, 326. 

(4) Ibid. LXV, 359. 
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undergo decomposition^ but also as to their, solubility and external 
properties. The a lactate of lime, when crystallized from water, con¬ 
tains always4, and the h lactate 5 eqs. of water; both crystallize from 
alcohol with 6 eqs. of water, but on recrystallizing the a lactate 
from water^ it will again be found to contain 4 eqs. The a lac¬ 
tate of lime must be kept longer at 100®, than the b lactate, to lose 
all its water; the former requires 13*4, the latter 9*5 parts of cold 
water for solution. The a lactate of magnesia dissolves more easily 
in water and alcohol than the b lactate. The former most likelv 
contains 4, the latter 8 eqs. of water. The a lactate of protoxide 
of zinc always contains 3, the b lactate 3 eqs. of water; the former 
, parts with it slowly at 100®, and decomposes at 150®, while the latter 
loses its watei* rapidly at 100®, and shows, even at 310®, no signs of 
decomposition; the former is soluble in 5*7 of cold, and 3*88 parts 
of boiling water, ii^'3*33 parts of cold, and'in almost the same 
quantity of boiling alcohol; the latter requires for solution 58 parts 
of cold, and 6 of boiling water, and is scarcely at all soluble in 
alcohol. The a lactate of protoxide of copper crystallizes in faint 
azure-blue wart-like concretions, the b lactate, in tolerably large 
brilliant, w’cll-formed, dark-blue, or greenish crystals; the former 
dissolves in 1‘93 parts of cold, 1'34 of boiling water, and much more 
euily in alcohol; the latter is soluble in 6 parts of cold, and 3'3 of 
boiling water, and in 115 parts of cold, and 26 of boiling alcohol; 
the a, lactate loses but little water over sulphuric acid, and is, after 
lengthened exposure to 149®, only partially soluble in water, leaving 
a residue of suboxide of copper; while the water in the b lactate 
escapes rapidly over sulphuric acid, or at 100®, and the salt decomposes 
at from 200® to 310®, smouldering away, and leaving metallic copper. 
The former contains about 9 per cent of waterf'the latter 3 eqs. 
(18*0 per cent).—Liebig had obtained a basic salt of protoxide of 
zinc, with lactic acid from Sauerkraut; Engelhardt did not succeed 
in forming such a salt with the lactic acid from sugar. He considered 
it possible that a lactic acid may be monobasic (in combination 
with bases, CeHeOg), and b lactic acid bibasic (C,3 Oi,,).— 

Heintz(l) has confirmed Engclhardt's observation with respect to 
the salt of protoade of zinc, and has shpwn at the same time, that 
the a and b lactic acids differ in other respects than by the one 
containing less oxygen and hydrogen (inihe same proportion as in 
water) than the other, and that it is only a retention of water by the 


(1) Pogg. Ann, LXXV, 391; Chem. Gnz. 1849, 89. 
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salts of the former acid, ^ich makes it appear isomeric with the ‘ 
latter; he proposes the name paTola^tio a<Ad for that contained in 
muscular flesh. 

i^Bsnrie Acid.—Mar88on(l) has again called attention to igasuric ’ 
acid, discovered by Pelletier and Caventou in Ignatius^beans and 
rmx vomica^ which was found hy Carriol to resemble lactic acid, and 
considered by Berzelius as identical with it, Marsson added to 
the liquid, from which strychnine and brucine had been separated hy 
magnesia, acetate of protoxide of lead, when a copious precipitate was 
formed, (while lactate of protoxide of lead is easily soluble). Neither 
the liquid, obtained after decomposition of the lead-compound by 
hydrosulphuric acid, nor the compounds of the acid with lime, am¬ 
monia, or protoxide of zinc, could be made to crystallize. By satu¬ 
ration of the acid with baryta-water and removal of the excess of 
baryta with carbonic acid, an uncrystallizabhr salt was obtained, 
which, when dried at 100®, yielded on analysis an amount of baryta 
corresponding closely to that in lactate of baryta. Want of material 
prevented Marsson from making a more complete investigation. 

iHucic Ada.—Hagen(2) has investigated mucic acid and its salts. 
He found the formation of mucic acid, by the action of nitric acid 
on milk-sugar, to be accompanied by the production of oxalic acid, 
and observed that the latter acid appeared to be formed principally 
as a direct product of oxidation of the milk-sugar and only in 
small quantity as a product of the oxidation of mucic acid; he also 
found that moderately concentrated nitric acid produced the largest 
quantity of mucic acid, and that, by employing concentrated nitric 
acid, probably a portion of the mucic acid was transformed into 
oxalic acid, while too dilute an acid converted the milk-sugar nearly 
exclusively into oxalic acid. In the most successful experiment he 
obtained from 100 parts of milk-sugar 35*9 of mucic acid(3).—Hagen 
agrees with the view that mucic acid is bibasic (C12 Hg O14), and 
considers this view supported by the circumstance that, if the equiva¬ 
lent of the acid were halved, the amount of water contained in 
several mucates would stand in very complex and unusual atomic 


(1) Arch. Pharm. [2] LV, 296. 

(2) Pogg. Ann. LXXI, 531; Ann. Ch. Pharm. LXIV, 347 (in ab$tr.); J. Pharm. [3] 
XII, 310. 

(3) Ouckelberger obtained 60 to 65 per cent of made’ add, by heating 2 parts 

of milk-sugar and 4 of nitric acid, spec. gray. 1*42, till a nolent action commenced, 
then cooling, and heating again gently. ^ 
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^,5® 'relations.— Neutral mucate 0 /obtained by saturating the 
acid with potassa or carbonate of potassa, is deposited from a boiling 
solution in white crystalline gi'ains, which when dried in the air or at 
100*^, have the formula 2 KO, HO (the water escapes 

at 150“) 1 the mothcr-liqnor assumes a brown colour, even if care¬ 
fully purified mucic acid be employed; upon addition of a solution of 
nitrate of protoxide of silver, containing a little ammonia, and appli¬ 
cation of heat, metallic silver is deposited upon the sides of the 
vessel j the presence* of saccharic acid, however, could not be proved. 
Bimucate of potassa, (dried in vacuo and at 100“: KO, HO, 
Cn Hs 0,, + 2 HO), of which Hess denied the existence, is ob¬ 
tained by saturating a known weight of mucic acid with carbonate 
of potassa and adding an equal proportion of thg acid; it forms small 
transparent crystals which arc more easily soluble in water than the 
neutral salt.— Neutral mucate of soda crystallizes, on gradual evapo¬ 
ration of a solution of mucic acid neutralized with carbonate of soda, 
in large perfectly transparent crystals, 2 NaO, Cj2 Hg O14 + 9 HO, 
which cfflord^ce in the air, and become, by heating to 100“, 
2 NaO, C,2 Hg O14 + IIO. The latter salt separates on rapidly 
evaporating a solution of mucate of soda.—Solution of mucic acid 
is not precipitated by sulphate of magnesia. On mixing solutions of 
mucate of ahimonia with sulphate of magnesia, a precipitate of 
mucate of magnesia is formed, which increases considerably in 
quantity by boiling the mixture; when dried at 100“, it is 
2 MgO, Cjg Hg Oj4 + 4 110. Mucic acid behaves similarly with 
chloride of calcium; mucate of lime, dried at 100', has the formula 
2 CaO, Cj2 Hg Oj 4-1-3 HO, and is soluble in acetic acid.—Mucic 
acid produces no precipitate with chloride of barium; on addition 
of ammonia, however, a crystalline precipitalfe separates, being 
deposited first on that portion of the vessel which has been 
scratched with the stirring-rod; mucate 6f4taryta, thus obtained, 
and dried at 100', is 2 BaO, Cig Hg 0,4+8 HO.— Mucate of pro- 
toseide. of copper is obtained by precipitation of sulphate of protoxide 
of copper with mucate of ammonia; it is a blucish-white powder, 
insoluble in water, of the composition 2Cu0, C^g Hg 0,, + HO, 
when dried at 100“.— Mucate of proto^^ of iron, produced in a 
similar maimer, is a yellowish-white powder, unchanged by exposure 
to the air, of the composition 2 FeO, Cjj Hg 0,4+4 HO, when dried 
at 100“; exposed to a temperature of l60“ to 160“, it becomes a 
brown mass, spontaneously infiainmable in the air.— Mucate of pro¬ 
toxide of lead, obtained by precipitating a solution of mucic acid 
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with acetate of protoxide If lead, is a white granular powder, inso¬ 
luble in water; dried at 100®, it is 2 PbO, C^o Hg O14+2HO, at 
150® it becomes anhydrous, and is in that state of a cinnamon-brown 
colour; 11 agents experiments do not confirm the statement that a 
portion of the acid may be withdrawn from this salt by ammonia. 
On addition of mucatc of ammonia to basic acetate of protoxide of 
lead, a mucilaginous precipitate was obtained, slightly soluble in 
water, containing acetic acid and varying amounts of protoxide of 
lead (from 62 to 79 per cent). Hagen confirmed the formula, 
^ ^22 Hg Oj^, for mucate of protoxide of silver^ prepared with 

nitrate of protoxide of silver and mucatc of ammonia. 

Campiioric Add. —Blumcnau(l) has made some communications 
respecting an acid obtained by him from camphor, by treating 
it with nitric acid, with application of heat, until white vapours 
apj)carcd; it differed in its properties from common camphoric 
acid. 

Kftiic Add. Ktnonc. —Woslcresensky had fixed for kinone the 
relative atomic composition C3 H 0(2), and Wohler the formula 
^25 ^^8 ^8 J Tjanrent adopted at a later period, the formula Cjjj Hg Og, 
agreeing with Woskresensky^s determination. Wohler(3) has since 
found the latter formula to correspond better with the composition of 
kinone, as well as with that of its products of transformation, than the 
one formerly adopted by him. 

Astriiiireiit Extracts. —Guibourt(4>) has published a comprehensive 
nmnograph on the astringent extracts occurring in commerce, under 
the names catechu, gambir, and kino. —Ileinsch(5) has made com¬ 
munications on adulterated brown catechu (produced from the yellow 
by an admixture of alum). 

Tannic Add. —According to Pclouze, the loAver of the two layers 
obtained in the exhaustion of galls by means of aqueous ether, is a 
solution of a quantity of tannic acid in water and the upper one a 
solution of a little tannic acid in ether. Mohr(6),. on the contrary, 
states the lower layer to be a solution of tannic acid in ether, exhi¬ 
biting the singular behaviour of not mixing with a farther quantity 


(1) Ann. Ch. Pham. LXVII, 119. 

(2) Woskresensky hoa, contrary to Gerhardt’s assertion (Compt. Rend, des Trav. 
Chim. 1849, 223), never deviated from this formula. 

(3) Ann. Ch. Pharm. LXV, 349; Compt. Rend. XXVI, 121. 

(4) J. Pharm. [3] XI, 24, 260, 360; XII, 37, 183, 267, (inalAtr.); Reiwt. Pharm 
[2] XLVIII, 321. 

(5) Jahrb. Pr Pharm. XVII, 201. 

(6) Ann. Ch. Pharm. LXI, 352. 
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"d!*' of ether i upon adding to a saturated^ctheiial solution of tannic 

acid, a farther quantity of ether and then water, three strata are 

obtained, (the lower being an aqueous solution of tannic acid, the 

middle one an etherial solution, and the upper one ether, containing 

colouring matter and only a small quantity of tannic acid). He 

recommends the use of a mixture of equal volumes of alcohol and 

ether for the extraction of tannic acid. 

# 

'Wetherill(l) found a mixture of sulphuric acid, spec. grav. 1*84, 
with 4 times its volume of water, to be most a])propriatc for the 
transformation of tanuic into gallic acid •, 500 cubic centimetres of 
that mixture are boiled with 50 grammes of dry tannic acid until 
the fluid crystallizes on cooling. He obtained from 100 parts of 
tannic acid as a maximum 87‘4 of gallic acid. His analysis of tannic 
acid, dried at 110®, corresponds with the formula Cjf, II y Ojg; he, 
however, cepsiders it probable that the formula 0^, 11^ 0^,, is more 
correct, and that tannic acid is isomeric with gallic acid dried at 100® 

{C 7 Ih 0,). 

Mulder(2) also has published' some researches on tannic acid. 
He views this acid, in the anhydrous state, as Coy Hg Oj^. It required, 
according to him, a lengthened exposure to a current of dry air at 
120®, in order to free it from hygroscopic moisture, it then had the 
formula HO, II9 Ojy, and lost about 3 per cent of water (calculated 
2*8), if mixed with water and protoxide of lead and dried at 120®. 
By exposure of hydrate of tannic acid for some time to a current of 
ammonia, at the common temperature, and removal of the excess of 
ammonia by a current of air, a combination NII^ 0, C^g Hg 
+ 3 NHg was produced which, at 100®, assumed a brownish colour, 
and in that state had the composition 2 NH^, 0, Cjg H^ O^g, 
but if dried at 120® it became browner still, a^^d had the formula 
NH^^O, CggHgOig. Mulder endeavours to show that the earlier as 
well as the later analyses of tannates conducted under his superin¬ 
tendence, correspond with his view of the composition of the acid, 
for which purpose, however, he avails himself, at times, of rather 
complicated atomic proportions; he. adopts five different salts 
of protoxide of lead (1 eq. of acid to f, 2, 3, 4, 5 PbO) and in¬ 
terprets a soda-salt, investigated by Buchner, as containing 4 
cqs. of tannic acid to 5 of soda; the ohly salt which he mentions, 
as containing 1 eq. of acid to 1 cq. of base, is a potassa-salt, inves¬ 
tigated by the chemist just mentioned.—He confirmed the statement 

(I) J. Pharra. [.3] XII, 107 ; J. Pr. Chem. XLII, 247. 

f2) Scheiktmdige Onderzoekiiigen IV, 639; Repert. Pharm. [3] I, 311} II, 38. 
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of Pelouze, that the products of decomposition of tannic and gallic 
acids, by exposure to a continued heat, not exceeding 250®, are water, 
carbonic acid, sublimed pyrogallic acid, and a residue of mellan- 
gallic acid; of the latter he obtained “SB to 58 per cent of the tannic 
acid employed. He likewise confirmed Pclouzc's statement respect¬ 
ing the properties and composition of pyrogallic acid; he however 
considers C^f, Ojj as the probable expression for mellangallic 
acid, dried at 140”, and KO, C^,, Hu, for the potassa-salt dried at 
130”, (obtained by digesting excess of the acid with potassa and 
evaporating the solution).—According to him the formation of the 
brown substance, which makes its appearance during the conversion 
of tannic into gallic acid, may be much checked by digesting tapnic 
acid for several days with water and hydrochloric acid at 100”, with 
[)crfect exclusion of the air. 

Wittstcin(l) concludes from his experiments on th|^compounds 
of sesquiovide of iron with tannic acid, that the sediment which is 
gradually formed, in mixed solutions of tannic acid and sulphate of 
protoxide of iron, must be considered as a constant combination of • 
1 eq. of sesquioxide of iron with 4 cqs. of tannic acid, (the latter 
considered as C^g Hg Ojg), but that, on the other hand, the precipi¬ 
tate produced in solution of sesquioxide of iron by means of tannic 
acid, is of varying composition. 

Taimocaineic Acid. —Rochledei* has investigated the acids occur¬ 
ring in coffee, tea and paraguay tea. In an earlier menioir(2) he 
assigned to tannoeaffeic acid, as contained in its combinations, the 
formula Hg Og, while Payen(3) ascribed to it the formula 
CijIlgOy; Rochleder(4) has since convinced himself of the cor¬ 
rectness pf the latter formula. He found^fi) the same acid, combined 
with caffeine, in paraguay tea, (the leaves of ilex paraguayemis), and 
procured it by extracting this tea with alcohol of 40 vol. per cent, as 
long as the latter assumed a yellow colour, mixing the alcoholic 
extract with an alcoholic solution of acetate of protoxide of lead, 
until the precipitate formed was of a pure yellow colour, preci¬ 
pitating the filtered liquid completely by acetate of protoxide of 
lead, washing with alcohol the beautiful yellow precipitate obtained, 
suspending it in that liq^d and decomposing it by hydrosulphuric 
acid. Rochleder has a^ investigated the alteration that tanno- 

(1) Repert. Pliarm. [2] XLV, 289. 

(2) Ann. Ch. Pliarm. LIX, 300. . 

(3) J. Phai-m. [3] X, 266. 

(4) Ann. Ch. Pliarm. LXVI, 3.V; Wien. Acad. Ber. 11, (1848), 224. 

(5) Ibid. 39; Wien. Acad. Bcr. 11, (1848), 228, 
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caffeic acid undergoes in the presence of bases by the influence 
of oxygcn(l); with ammonia the result is different from that 
obtained with potassa or soda; if baryta or lime be present, the 
acid undergoes, at first, the same transformation as that produced 
by ammonia; this, however, soon changes into the alteration ob¬ 
served in the presence of potassa and soda. He has communi¬ 
cated a more detailed account with respect to the reaction in the 
presence of ammonia; he states that an acid is formed, which he 
calls viridic acid, and which he obtained in the following manner. 
A solution of pure tannocaffcic acid is prepared by exhausting dried 
and crushed coffee-beans with alcohol, mixing the extract with water, 
to separate the fatty matter, heating the filtered liquid to ebullition, 
precipitating with acetate of protoxide of lead, washing the pre¬ 
cipitate and decomposing it by hydrosulphuric acid. This light- 
yellow solu^n, freed, by boiling, from hydrosulphuric acid, becomes 
dark-yellow on addition of an excess of ammonia, then greenish- 
yellow, by absorption of oxygen, after 36 hours, dark-bluish-greeu, 
and by lengthened standing, brown. Acetic acid converts the 
bluish-green into a clicsnut-brown liquid, which, upon addition of 
alcohol, deposits black flakes, which are insoluble in dilute and pure 
alcohol, soluble in the alkalies, and form a black salt of protoxide of 
lead, on precipitation of the alkaline solution with the acetate. This 
substance resembles, in all its properties, the mctagallic acid of 
Pelouze and the japonic acid of Svanberg; according to a single 
determination, its equivalent is 237. The brown liquid (which is 
changed immediately again to greenish-blue by saturation with a 
base) separated by filtration from the black flakes, produces with 
acetate of protoxide of lead a blue precipitate which, (wasj^cd with 
alcohol, and dried in vacuo and at 100®), was foujid to correspond 
closely in composition to PbO, Oy.—By extracting, with 

water, powdered coffee-beans (previously exhausted with alcohol), 
boiling the filtered liquid, precipitating with acetate of lead, decom¬ 
posing the precipitate, suspended in alcohol, by hydrosulphuric 
acid, thep mixing the resulting solution, filtered from the proto¬ 
sulphide of lead, with ammonia, and exposing it 24 hours to 
the air, adding alcohol and filtering off .the greenish-blue preci¬ 
pitate that is formed; dissolving the^ latter in alcohol mixed 
with a little acetic acid, and precipitating the resulting brown 
solution with acetate of protoxide of lead, an indigo-bluc compound 
was obtained, which, when dried at 100®, had the composition 


(1) Ann. Ch, Phsrm. LXIIl, 193. 
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PbO, Hy Og. By decomposing this salt with hydrosulphuric acid 
and evaporating the solution, an amorphous mass is obtained, easily 
soluble in water, and dissolving in concentrated sulphuric acid with 
a carmine colour, from which solution it is precipitated by water in 
blue flakes. The brown liquid, filtered off* from the protosulphide of 
lead, is immediately turned green by alkalies; with baryta-w'ater it 
forms a bluish-green precipitate, which, dried at lOO*^, is 2 BaO, 
C 14 , Hg Og. Coffee-beans owe their green colour to a small quantity 
of viridate of lime.—Tannocaffeic acid produces with potassa, on 
exposure to the air, a dark-brown solution, from which a brown 
potassa-salt, soluble in water, is precipitated by alcohol. 

A second add contained in coffee-beans, along with tannocaffeic 
acid, and first discovered by Pfaff, was obtained by Rochleder in 
the manner prescribed by the former chemist, by precipitating with 
acetate of protoxide of lead the aqueous decoction of jpoffee-beaiis 
(which had been previously treated with a little hot alcohol), decom¬ 
posing the precipitate with hydrosulphuric acid, evaporating the 
filtered liquid to syrupy consistency, and then adding it to 
alcohol, when light flakes separated, which dried up to a loose 
))owdcr; this acid ajipewed to contain carbon and water in the 
same proportion as tannocaffeic acid, but a larger proportion of 
oxygen. 

Bolide Add. —In a recent investigation of tea (of the leaves of 
'rhea hohed) Rochleder(l) detected, besides common tannic acid, and 
a small quantity of a crystallizable acid, which was not more closely 
c.\aniii]ed, a new acid which he called botieic add. By precipitating 
a boiling decoction of tea-leaves with acetate of protoxide of lead, 
filtering, and separating the slight deposit formed in 24 hours, 
then neutralizing the fluid with ammonia, a precipitate was obtained. 
This precipitate suspended in alcohol w^as decomposed by hydro¬ 
sulphuric acid, and the filtrate, from the resulting protosulphide of 
lead, freed from hydrosulphuric acid, and precipitated with an alco¬ 
holic solution of acetate of protoxide of lead;—a salt of protoxide of 
lead was thus obtained, which, dried at 100 ’, was found to have ap¬ 
proximately the composition PbO, Cy Hg O^; another salt was obtained 
in a similar manner (excepting that the last precipitation was effected 
by an ammoniacal solution of the acetate of lead), which, when 
dried at 100 ®, had the formula 2 PbO, Cy O 5 . By precipitating, 
with baryta-water, the acid separated from the salt of protoxide of 
lead, and a baryta-salt, BaO, Cy llg Og, was fomiedi The acid itself. 
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calTeic 

acid. 


(1) Aun. Ch. Pharm. LXIII, 202. 
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evaporated and dried alternately at 100° and m vacuo, is a substance 
of pale yellow colour, when in a state of powder, which, at 100°, fuses 
to a resinous red body; it is deliquescent in the air, soluble in 
water and alcohol, and has the composition Cy Hg Og. One pound of 
tea yields no more than 1*5 grm. of pure boheate of protoxide of 
lead. 

Aniveuc Acia. —Ricker and Reinsch(l) have shown the acid, dis¬ 
covered by the latter in the musk- or sumbul-root, and termed sum- 
bulolic acid(2), to be identical, in its composition and physical pro¬ 
perties, with angelic acid. For this acid, we refer also to Roman 
Cumin-Oil.” 

Benzoic Add. —Respecting the formation of benzoic acid, see 
“ Decomposition of casein, &c., with sulphuric acid and binoxide 
of manganese, or bichromate of potassa.” , 

Saint-Evre(3) has investigated various products of decomposition 
of benzoic acid. If 60 grammes of benzoic acid, and 200 of hydrate 
of potassa be dissolved in 300 to 350 of water, and a stream of 
chlorine passed through the liquid in the cold, it assumes succes¬ 
sively the colours yellow, greenish-yellow, green, then once more 
yellow; at last a grey crystalline precipitate separates, carbonic acid 
being evolved during the whole operation. The precipitate consists 
of chlorate of potassa, a little unchanged benzoate of potassa, and the 
potassa-salt of a new acid; there remain, in the liquid, benzoate of 
potassa and chloride of potassium. The liquid is then increased to 
one and a half its bulk, by the addition of water, saturated with car¬ 
bonic acid, and finally mixed with a little dilute hydrochloric acid, and 
the whole heated to ebullition, when the precipitate redissolves, and an 
oily fluid separates. This, removed from the liquid, solidifies upon 
cooling, to a hard, brittle, yellowish mass; it j|i freed from some 
adhering benzoic acid by repeated fusion in boiling water, and finally 
by recrystallization from alcohol, or from a mixture of alcohol and 
ether. The new substance is thus obtained in cauliflower-like groups 
of microscopic crystals; it fuses at 150°, having in the fused state 
the spec. grav. 1*29, boils at 216°, and is volatile without decompo¬ 
sition ; its formula is Cjg Hg Cl 0^,; Saint-Evre calls it chlm'o- 
niceic acid. Chloroniccate of protoxide of silver, AgO, II ^ Cl Og, 
prepared from alcoholic solutions, separates in white flakes, which, by 


(1) Jahrb. Fr. Pharm. XVI, 12; Ann. Ch. Pharra. LXVIII. 341. 

(2) Ibid. XITT, 08. 

f.'l) Ann. rh. Pliy.s. fS] XXV, 481 ^J. Pr. Chem. XLVI, 419; Compt. Rend. XXV, 
912. tin alfttr.); Compt. Rend. XXVIl, 437. - 
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washing and drying, become a crystalline powder. The haryta-salt 
is a white crystalline powder, corresponding in composition to the 
silver-salt, slightly soluble in water, tolerably so in hot alcohol, and 
decomposed by heat, with the formation of a solid and a liquid, hydro¬ 
carbon and a carbonaceous residue. Chloroniceate of ammonia, 
when freshly prepared, by saturation of the alcoholic solution of the 
acid with ammonia, crystallizes in broad micaceous scales, of the 
formula NH^O, Cl O 3 , which are fusible and volatile without 

decomposition, but when exposed to light, become brown and of 
an acid reaction. Chloroniceate of oxide of ethyl, C^ H 5 O, 
C ^3 Cl O 3 , is a colourless fluid, of the spec. grav. 0*981 at 10“, 
and boiling at 230°; its alcoholic solution, if left for some time in 
contact with ammonia,' pelds chloroniceamide NHo, Cjg Cl Og, 
which crystallizes in large scales, of a greasy appearance, fusing at 
1 00*^—-Chloroniccic acid forms, with fuming sulphuric acid, another 
acid, the baryta-salt of which is soluble, and contains probably BaO, 
Cjo Hj Cl 0;j, 2 SO 3 , HO.—Fuming nitric acid acts violently on chlo- 
roniceic acid, dissolving it; the solution deposits a substance which 
is soluble in alcohol, crystallizes in broad scales, of greasy appearance, 
and has the formula C^g (NO^) Cl 0^, being chloroniceic acid, in 
which H is replaced by NO^. The ether of this acid, C^ Hg O, 
Cjg Hg (NO,,) Cl Og, crystalUzcs in colourless plates. On one occa¬ 
sion Saint-Kvre oWined, by evaporation of the mother-liquor, from 
which Cjg H 4 , (NOJ Cl O^ had been separated, a substance, C^ 
(NO,) Cl O.J,, crystallizing in long white needles.—On distilling chlo- 
ronieeic acid with excess of lime or baryta, a brownish-yellow liquid 
passes over at first, the action then appears to cease for a few 
moments; on continuing the application of heat, however, a lemon- 
yellow substance condenses in the neck of the retort, and a carbona¬ 
ceous residue remains behind, from which water extracts a quantity of 
chloride of calcium. The fluid, which distils over first, is freed from 
the benzole it contains by exposm'e for some time to a stream of 
carbonic acid or hydrogen at 90”, it is then heated to from 290° to 
295°, w’hcn a liquid passes over, which Saint-Evre calls monochlo- 
nnated nicene. It is of a faint amber-colour, its spec. grav. is 1*141 
at 10 °, its boiling-point 292° to 294°, and its compositiot^, Cjo Hg Cl. 
The observed density of its vapour is 7*2 to 7*5, the calculated density 
being 6*98 (for a condensation to 2 volumes). Tliis liquid is violently 
acted upon by fuming nitric acid ; after the action has ceased, alcohol 
of 36 vol. per cent is added, which dissolves the new substance, 
which is formed simultaneously with a resinous body j the latter, 
being the least soluble, separates first from the solution, and after 
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one or two recrystallizations, the new compound Cjq IT^ (NO^) Cl 
is obtained pureit forms long, amber-yellow needles, of silky lustre, 
and is soluble in alcohol and ether. On dissolving this compound in 
alcohol, saturating the solution with ammonia, and submitting it to a 
stream of hydrosulpliuric acid, it becomes brown, and subsequently 
assumes a dark violet-red colour; if no deposit should have formed 
after a few hours, the liquid is once more treated with ammonia and 
hydrosulpliuric acid j it is then evaporated at the boiling temperature, 
and the residue treated with dilute hydrochloric acid and filtered; 
the golden-yellow filtrate deposits hydrochlorate of chloronicinCf 
Cjo Ilg Cl N, IICl, in yellowish prisms, grown together, generally, in 
groups of three and four j these are easily soluble even in cold water, 
and become brown when exposed to the air, being gradually decom¬ 
posed. Chloronicinc, C^q Hg Cl N, is precipitated from the solution of 
the hydrochlorate, by ammonia, in brown flakes, which dissolve in an 
excess of water, but have no alkaline reaction, and are decomposed if 
allbwcd to remain for a lengthened period in the liquid. Acetate of 
chloronicinc, (obtained by dissolving, in acetic acid, chloronicinc which 
has been rapidly washed and dried, in vacuo, with exclusion of light), 
crystallizes in yellowish, four-sided prisms, which have an acid reac¬ 
tion and are altered by the action of light and moist air; the formula 
of this salt is C^g Ilg Cl N, C^ 0^,. The double salt of the hydro- 
chlorate and bichloride of platinum, Cjg Ilg Cl N, ITCl, Ft Cl^j, forms 
a dark-yellow, granular precipitate.—Saint-Evre gives the name 
paranicene to a substance obtained by the distillation of chloroniceate 
of baryta, or chloroniceic acid, with lime or baryta; it is a solid, 
lemon-yellow hydrocarbon, of penetrating odour and taste, soluble 
in alcohol and ether, and crystallizing in broad plates; it is purified 
by pressure between bibulous paper, washing with a little cold ether 
and sublimation over freshly-ignited lime; its spec. grav. is 1*24, 
its boiling-point 365®, its composition Cgg Hjg; the observed density 
of its vapour 4’79, (calculated for a condensation to 4 volumes, it is 
4*62). Paranicene is dissolved by fuming nitric acid, giving rise to 
a violent reaction; the solution deposits, on cooling, acicular crys¬ 
tals, soluble in alcohol and ether, of the composition Cgg (NO^). 
—By treating paranicene with ammonia and hydrosulphurio acid, in 
the manner described above, a substance is formed, which Saint- 
Evre has termed paranicine; it is precipitated by ammonia from the 
hydrochlorate in light yellow flakes, of the composition Cog H |3 N ; it 
is insoluble in water and soluble in ether; by dissolving it in the 
latter and evaporating the solution, an amber-yellow oil remains 
behind, which is soluble in hydrochloric acid, and rcprecipitatcd by 
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ammonia in white flakes. Hydrochlorate of paranicine crystallizes 
in octohedrons, which are decomposed by the action of the air, heat, 
and light, and have an acid reaction; the double salt with bichloride 
of platinum, Coq Hjj N, HGl, Ft Cl^, is obtained as a crystalline 
precipitate, scarcely soluble in ether. 

By heating a mixture of pentachloride of phosphorus and well- 
dried benzoic •acid, a fuming liquid distils over, which contains, 
according to Cahour 8 (l), besides oxichloride of phosphorus and 
excess of the pentachloride, the chloride of benzoyl, discovered by 
Liebig and Wohler. The lattef* is separated from the two former 
by distillation, that portion being reserved which passes over between 
195“ and 200®. Its specific gravity is 1*25 at 15®, its vapour-density 
d •987, (calculated, for a condensation to 4 volumes, it is 4'901); its 
analysis furnished numbers corresponding with the composition of 
chloride of benzoyl; it forms, with alcohol benzoic ether, with 
ammonia benzamide, and with aniline benzanilide. The decompo¬ 
sition in this reaction is expressed by the equation: " 

PCl,+Ci. H„ 0.=II CI+PCI 3 0,+C„ H 3 O 3 CI. 

Pentachloride of phosphorus behaves with benzoate of potassa as it 
docs with the uncombineTi acid. It has no action on benzoic ether. 

By boiling benzoic acid with concentrated, or still better, with 
fuming nitric acid, nitrobenzoic acid, discovered by Mulder, is pro¬ 
duced; it is benzoic acid in which 1 H is replaced by 1 (NOJ. By 
boiling benzoic acid with a mixture of fuming sulphuric and nitric 
acids for one hour, according to Cahours(2), 2 cqs. of hydrogen 
arc replaced by 2 (NOJ, and dinitrobenzoic acid is formed. This 
substance is prepared by adding fused benzoic acid to the mixture of 
the acids, heated to from 50° to 60°; a slight evolution of gas takes 
place, while the benzoic acid dissolves. Heat is then gradually 
ap])lied, until the fluid commences to become turbid, on cooling, the 
addition of water causes yellowish flakes to separate, which become 
white by being washed with water. As soon as the wash-water has 
no longer an acid reaction, the substance is pressed between bibuldus 
paper and then dissolved in boiling alcohol, from which it separates, 
upon cooling, in small brilliant crystals. Dinitrobenzoic acid, 
C,,i, H 4 (N 04,)2 thus obtained, fuses at a slightly elevated tempe¬ 
rature, and sublimes without decomposition, by careful application 
of heat; it is scarcely soluble in cold, rather more so in boiling water, 
and pretty considerably so in alcohol and ether, it dissolves easily and ' 
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(1) Loc. Cit, p. 276. 


(2) Loc. Cit. p. 295. 
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without decomposition in nitric acid^ and also in concentrated sul¬ 
phuric acid, when gently warmed, but is decomposed by applica¬ 
tion of too high a temperature. It forms soluble, crystal! izablc 
salts with potassa, soda, and ammonia, and slightly soluble salts with 
the protoxides of lead and silver; the salt of protoxide of silver, 
AgO, Hg (N 04,)2 Og, is white. Dinitrobenzoate of oxide of 
ethyl, C* H, O, C„ H 3 (NOJ, 0„ is prepared by saturating boil¬ 
ing alcohol with dinitrobenzoic acid; the ether separates after some 
time, (and more plentifully on addition of water), as an oil which 
solidities upon cooling; it crystallizes from an alcoholic solution, 
saturated while hot, in long, thin, brilliant needles, of a slight yel¬ 
low tint. 

Nltrobcnzoic Add. —^Blumenau(l) states that dragon's blood, 
treated with rlitric acid, spec. grav. 1'33 to 1*35, yields oxalic acid, 
and that with nitric acid, diluted with an equal weight of water, a 
non-volatile and a volatile acid arc formed, of which the latter is 
identical with nitrobenzoic acid. 

On warming nitrobenzoic acid with pcntachloridc of phosphorus, a 
heavy liquid, according to Cahours( 2 ), distils over, which boils at 
between 265" and 268"; it is insoluble in water, and is decomposed, 
by a hot solution of potassa, into chloride of potassium and nitro- 
benzoate of potassa. Its formula is Cj ^ Hj, Cl NOg=Cj^ (NO J O 2 Cl. 
it is therefore chloride of benzoyle, in which 1 H is replaced by 
I (NO4). This new substance forms, with dry ammoniacal gas, a solid 
compound, crystallizing from water in yellow needles; it is probably 
identical with the substance Field obtained by heating nitrobenzoate 
of ammonia. 

ciiminic Acid. —Cuminic acid is decomposed, according to Ca- 
hours(3), by distillation with pcntachloridc of piaosphorus at 50” to 
60”, with a plentiful disengagement of hydrochloric acid; oxychloride 
of phosphorus first distils over, and at 250” to 260” a colourless, 
mobile fluid, chloride of cumyl, C 2 ,, O 3 Cl, is obtained. This 
substance boils at between 258" and 260", has the spee. grav. 1*070 
at 15”, is decomposed by exposure to moist air, and more rapidly by 
boiling it with potassa, into hydrochloric and cuminic acids; it forms 
with alcohol cuminic ether, with ammonia chloride of ammonium and 
cuminamide, and with aniline cuminanilide. 

Cahours statcs(4) that cuminic acid dissolves, at a gentle heat, in 
fuming nitric acid, red vapours being evolved on boiling the solution; 


(1) Aim. Cli. Pharni. LXVII, 127. 

(2) Loc. Cit. p. 276. 


(3) Ibid. 

(4) Loc. Cii. p. 2*Jh. 
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if, after a few minutes of continued ebullition, water be added, a 
heavy yellow oil separates, which soon solidifies f it is then washed 
with water, and crystallized from alcohol. This substance is nitro- 
cuminic acid, Coq (NO 4 ) O 4 (cuminic acid in which 1 H is 
replaced by 1 NOJ; it crystallizes in yellowish-white needles, is 
insoluble in water, easily soluble in*alcohol and ether, and forms 
ciystallizable salts with the alkalies.—Upon adding fused cuminic 
acid, in small portions, to a mixture of sulphuric and nitric acids} 
gently warmed, it disappears, without any disengagement of gas, or 
violent action; on heating the fluid, red vapours are disengaged, and 
it suddenly becomes turbid; at this period a quantity of glittering 
crystalline scales separates from the liquid, which, by being washed 
with water, and recrystallized from alcohol, form lustrous pldtes. 
This substance has the composition of dinitrocuminic acid, CggHjo 
(NOj)g Ofi, it is, however, not an acid. 

ciiinainio Acid. —^By heating pentachloride of phosphorus with cin¬ 
namic acid, Cahours(l) found the latter to undergo a decomposition 
analogous to that of benzoic acid; besides oxichloride of phosphorus 
and hydrochloric acid, a fluid was formed which boiled at 262®; it had 
the spec. grav. 1*207 at 16®, and proved to be chloride of cinnamyl, 
Co,) II 7 0.2 (cinnamon-oil, therefore, in which 1 H is replaced by 
1 Cl), Chloride of cinnamyl is converted, by exposure to moist air, 
into hydrochloric and cinnamic acids; with alcohol, it forms cin¬ 
namic ether; with dry ammoniacal gas, chloride of ammonium, 
and a white crystallizable substance, analogous to benzamide. With 
aniline it forms cinnanilide (see " Aniline.”)—^By the repeated dis¬ 
tillation of chloride of cinnamyle over protocyanide of mercury, or 
cyanide of potassium, there are formed protochloride of mercuiy, or 
chloride of potassium, and a liquid, containing still a little 
chlorine, and becoming brown w'hen in contact with the air, 
with formation of hydrocyanic acid; this is cyanide of cinnamyl, 
C 20 Hy NO 2 = C ,8 Hy Og Cy, The analysis made by Cahours of 
this substance, proves its existence, although the results obtained do 
not agree perfectly with the above formula. 

BenKiuc Actit. —The resultants of the treatment of benzilic acid 
with pentachloride of phosphorus, are, according to Cahou 1*8(2), 
hydrochloric acid, oxichloride of phosphorus, and a colourless liquid, 
of a strong odour, and boiling at 270®, which yields, with potassa, 
ammonia and aniline, products of decomposition’corresponding to 
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(2) Ibid. 



412 


ORGANIC CHEMISTRY. 


Anisic 

acid. 


those of the chlorides of benzoyl, cumyl, &c. It has the formula, 
Cgg IIji O 4 Cl, and has been named by Cahours, chloride of ben- 
ziU. 

Anisic Acid.— Cahours(l) stetes, that anisic acid dissolves easily 
in fuming nitric acid, when gently warmed; from this solution water 
precipitates nitranisic acid, in fellow flakes. If, however, the solu¬ 
tion be heated to ebullition, carbonic acid is disengaged, and a product 
obtained, consisting of two substances, one of which is solul)le in 
potassa, and has the composition of picric acid; while the other is 
insoluble in potassa, and likewise in boiling water. It is easily soluble 
in boiling alcohol and ether, and separates from this solu^on in the 
form of lustrous pale-yellow needles, which fuse at 85® to 86 ®, and 
may be sublimed, if carefully heated in close vessels. This substance 
is dinitranisolCf C^^Ilg (NO^l^Oj,; it is not decomposed by a boiling 
dilute aqueous solution of potassa, and only after continued ebullition 
by a concentrated solution ; an alcoholic solution of potassa clecoin- 
j)oses it rapidly when boiled with it, forming a salt, which crystal¬ 
lizes in long orange-yellow needles, and from which Laurent's nitro- 
phenesic acid, Cjg Ng Oj,,, is separated, by addition of nitric acid, 
or dilute hydrochloric acid. 

Anisic acid dissolves in a mixture of fuming sulphuric and nitric 
acids, when slightly warmed, without colouring it; at a gentle heat 
carbonic acid is disengaged, and if the application of heat be coii- 
tinued until the liquid becomes turbid, and it be then left to itself^ 
it separates ipto two strata. The upper one is oily, and solidifies on 
cooling; addition of water to the acid solution separates still more of 
this substance. It is almost insoluble in water (and may be purified 
thereby from the acid), soluble in hot alcohol, and still more easily 
in a mixture of equal parts of alcohol and ether, fusm which solution 
it crystallizes, by slow evaporation, in highly lustrous, slightly yel¬ 
lowish rhombic plates, fusing at 58® to 60®. It dissolves, at a gentle 
heat, without decomposition, in concentrated nitric and sulphuric 
acids. This substance is trinitraniaole, C 4 . (NOJ 3 0 „ aud ia 
likewise' formed by the action of the mixture of fuming nitric and 
sulphuric acids, upon pure anisole.—Trinitranisole is not decomposed 
by a dilute solution of potassa, nor by concentrated ammonia, even at 
the boiling temperature, but becomes intensely brown by boiling 
with a moderately concentrated solution of potassa, a potassa-salt 
being formed, whic^.is scarcely soluble in cold water, but crystal- 

(1) Loc. Cit. p. 205: Compt. Rend. XXVII, 485, (in abair.) ; lustit. 1848, 351. 
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lizes, on cooling from its solution in much boiling water, in long 
needles of a golden-chesnut-brown colour ; the composition of this 
salt is KO, Ci 2 HjjN 3 0 j 3 . From this compound, picranisic acid, 
Cj 2 II 3 Ng Oj 4 , is separated by dilute nitric acid; it crystallizes from 
a hot saturated aqueous solution, on cooling, in yellow lustrous 
needles; it is slightly soluble in cold, and easily soluble in 
boiling water, in alcohol, and ether; it is isomeric with picric acid, 
but differs from the latter in its crystalline form, its solubility, its 
fusing-point, and*in' the physical properties of several salts. With 
ammonia it forms a salt of the formula, NH^ 0, C 12 Hg Ng Oj3, 
which crystallizes in long needles, sometimes of a yellow colour, with 
a feeble shade of orange, sometimes red, like bichromate of potassa; 
it frequently changes colour by rccrystallization. Protoxide of silver 
dissolves in this acid; the silver-salt is deposited from the solution, 
by slow evaporation, in fine orange-yellow needles. The soda-salt 
crystallizes in long golden-yellow needles, and is much more soluble 
than the potassa-salt. The baryta- and strontia-salt form yellow, 
silky, difficultly soluble needles. 

Salicylate of oxide of methyl, which is isomeric with anisic acid, 
undergoes a different decomposition by the action of the mixture of 
fuming sulphuric and nitric acids. (Sec “ Salicylate of oxide of 
methyl”). 

Cahours(l) found that, by the action of pentachloride of phos¬ 
phorus on anisic acid, hydrochloric acid, oxichloride of phosphorus, 
and chloride of anisyl, Cjg Ily 0^ Cl, arc produced. The latter is a 
colourless fluid, of a strong odour, its spec. grav. is 1’261 at 15®, 
its boiling-point 262®; it is decomposed, by moist air, into hydro¬ 
chloric and anisic acids, and produces, with alcohol or pyroxylic 
spirit, the respective ethers, and with iftumonia anisamidc. 

Nltranisic Acid. —^Nitrauisic acid produces, according to Ca- 
hours( 2 ), when acted upon by pentachloride of phosphorus, besides 
oxichloride of phosphorus, a substance which has not been closely 
examined; it boils only at a very high temperature, is decomposed, 
by damp air, into hydrochloric and anisic acids, forms, with alSohol, 
anisic ether, and is, therefore, probably, chloride of niiranisyl 
C ,3 II„ (NO,) 0, Cl. 

Aniiic Acid*-— According to Hofmann(3), anilic acid is trans¬ 
formed into chloranile, by treatment of an aqueous solution with 
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chlorate of potassa and hydrochloric acid j the same effect, according 
to Steiihouse, is produced by the continued action of chlorine, with 
the aid of heat; on boiling a solution of the acid with hypochlorite 
of lime, it becomes dark-brown, and hydrochloric acid precipitates a 
yellowish, uncrystallizable resin. 

Picric Acid. —^With respect to the acid^ discovered by Schunck 
among the products of the oxidation of aloes by nitric acid, formerly 
called by him chrysolepic acid, and considered isomeric with picric 
acid, he himself(l), as well as Marchand(2), .Miildcr(3), and 
E. Robiquet(4) have pointed out that, when pure, it is identical 
with picric acid. Marchand found both substances to possess an 
equal degree of solubility (100 water dissolve 0‘626 at 5*’, 1*101 at 
15«, 1*225 at 20", 1*292 at 22*5", 1*380 at 26", 3*89 at 77"), and tlx^ 
same form of crystallization ; the so-called nitrophenisic acid is like¬ 
wise identical with these substances. 

Blumcnau(5) considers it probable, that picric acid is eventually 
decomposed, by very long continued boiling with nitric acid. 

ciiioropicrin. —If, according to Stenhouse(O), an aqueous solu¬ 
tion of picric acid be mixed, in a retort, with hypochlorite of lime, an 
elevation of temperature ensues, and if the mixture be heated to 
ebullition, a colourless heavy oil distils over, along with water. The 
same substance is likewise formed, on boiling picric acid with 
chlorate of potassa and hydrochloric acid (when a residue of chlora- 
nile remains in the retort), or boiling with nitrohydrochloric acid 
(used only in small quantities), Ukewisc by heating picratc of potassa 
with h 3 q)ochlorite of lime, or by the long-continued action of chlo¬ 
rine upon a hot solution of picric acid. Styphnic and chrysamic 
acids behave like picric acid, but chloranile could by no means be 
transformed into this oily substance. Stenhoii'S'e calls it chloropi- 
crin; he purifies it by washing, drying with fused chloride of cal¬ 
cium, and careful rectification in a water-bath. The substance, thus 
obtained, is a colourless oil, of highly refractive power, and the spec, 
gray. .1*6657 ; when diluted, it has a peculiar aromatic odour, and, if 

(1) Ann. Ch. Pharm. LXV, 234. (4) J. Pharm. [3] XIV, 179. 

(2) J. Pr. Chem. LXIV, 91. (5) Ann. Ch. Phorin. LXVIl, 115. 

(3) Scheikund. Onderaoek. IV, .506. 

( 6 ) Phil. Mag. [3] XXXIII, 53; Ann. Ch. Pham. LXVI, 241; J. Pr. Chem. XLV, 
56; Laurent and Gerhardt's Conipt. Rend. Compt. des Trav. Chiin. 1849, 35. In 
the latter journal Gerhardt expressed his opinion, tW the tnre formula of chloropicrin 
might probably be Cj CI 3 N O, and since then (Laur. and Gerh. Compt. Rend, des Trav. 
Chim. 1849, 170), he has published some analyses by Cahours, which cAtainly agree 
with this formula for chloropicrin. Cahours found its boiling>point to be IH** to 115<*. 
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concentrated, violently attacks the nose and eyes; it is almost inso- 
liiblc in water, butMissolves freely in alcohol and ether } it is not 
attacked by sulphuric, nitric, or hydrochloric acids, but is gradually 
decomposed by an alcoholic solution of potassa (with formation of 
chloride of potassium and nitrate of potassa); it is scarcely affected 
by aqueous solutions of the alkalies, but is decomposed, with explo¬ 
sion, on being warmed with potassium; it boils at 12 (P, and is not 
decomposed even at 150'^, but on passing its vapour through a glass 
tube, heated above that temperature (but not actually red-hot), 
chlorine and binoxide of nitrogen are disengaged, and solid sesqui- 
cliloride of carbon, Cl^, is deposited in the cooler portions of the 
tube. Stcnliouse found the formula of chloropicrin to be, C 4 CI 7 
N ,2 Oj,), he did not take into consideration a small quantity of hydro¬ 
gen ( 0*22 to 0-26 per cent) obtained by analysis. 

Nitro-biciiioroiihenic Acid.— Laurent and Delbos(l) obtained 
nitro-bichlorophenic acid, Cjg H., Clg N 0^, by passing chlorine into 
that portion of coal-naphtha which boils between 180” and 200 ”, 
then acting with nitric acid upon the same substance, washing the 
product with water, neutralizing with ammonia, boiling with water, 
filtering, adding nitric acid to the filtrate, and recrystallizing from 
alcohol the substance which separates upon cooling. This acid 
crystallizes in oblique rhombic prisms, of which the lateral planes are 
inclined towards each other at about 88 ”, and the terminal towards 
the lateral planes at from 108”‘20' to 108*30'; it is of a yellow 
colour, slightly soluble in water, but tolerably soluble in boiling 
alcohol and ether j when rapidly heated in a close vessel it is de¬ 
composed, with emission of light. The ammonia-salt, NH^ O, 
C 12 NO 5 , crystallizes in orange-red needles, which, if carefully 

heated, are partly volatilized without decomposition; the potassa-salt 
crystallizes in glittering scales, which appear, when viewed under 
different angles, either crimson or golden-yellow ,* when anhydrous, 
their formula is, KO, Cjg Hq Clg NOg. 

Chrysarale Acid. —Mulder(2) and Schunck(3) have published 
researches on the acid which is found amongst the products of 
oxidation of aloes by nitric acid, and was called, by the latter 
ebemist, chrysamic acid. 


(1) Ann. Ch. Phys. [3] XIX, 380 ; J. Pr. Chetn. XL, 382. 

(2) Scheikund. Onderzoek. IV, 456 ; Report. Phann. [3] II, ,62, 145 ; Ann. Ch. Phys. 
[33 XXII, 122, (in abstr.); J. Phann. [3] XI[1, 140; Ann. Ch. Pharra, LXVllI, 339; 
3, Pr. Chem. XLU, 250; Phil. Mag. [.3] XXXII, 236. 

(3) Ann. Ch. Phann. LXV, 231} J. Phann. [3] XIII, 299. 
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Mulder found the formula of chrysamic acid, dried at 120®, 
to be, CjjHgNaOia, and the composition of tHh anhydrous neutral 
salts (for instance, the potassa-salt), dried at 120 ®, to be represented 
by the formula, MO, Cj^, H Ng Ojj. When dried in the air, the 
neutral soda-salt contains 3 cqs. of water, the magnesia- and 
potassa-salts 6 j those of protoxides of manganese and lead (the 
latter formed by digesting chrysamic acid with neutral acetate of 
lead at 80®) contain 5 eqs. of water, and the salt of protoxide of 
copper 4 cqs .; all these salts arc anhydrous, when dried at 155®. 
The neutral baryta-salt, dried at 110®, still contains 2 HO; the salt 
of protoxide of lead, formed from chrysarnate of potassa, and 
neutral acetate of protoxide of lead, is, 2 PbO, H Ng Oij. Chry- 
sanaic acid is converted, by exposure to a stream of dry ammo- 
niacal gas at 100 ®, into chrysamide, CJ 4 H 4 N 3 O 11 , which may be 
combined with bases, and produces, f. i., by the addition of its 
solution to acetate of protoxide of lead, a combination, PbO, 
Ci 4 H 4 N 3 0|i -4-3 HO (dried in the air). 

Schunck found that the yellow powder, formed by the action of 
nitric acid on aloes, consists of two acids, aloetic acid and chrysamic 
acid, and that the former may be transformed into the latter by 
treating it with strong nitric acid; he determined the coin])osition 
of aloetic acid to be Cig II 4 Ng O^g. He calls chrymminamide 
the substance which separates, after boiling chrysamic acid with 
an aqueous solution of ammonia, from the cooling liquid, in the 
form of needles, appearing reddish-brown by transmitted and 
greenish by reflected light; the analytical results obtained corre¬ 
spond equally well with the two formula; Cgg H,o N, Og^ and 
Hjo Ny Ogg. By adding hydrochloric acid or dilute sulphuric 
acid to a hot aqueous solution of this substance^Schunck obtained, 
on the cooling of the liquid, needles which, after washing and drying, 
were of a dark olive-green colour, and had the composition 
Cj 5 H 4 Ng On or C |5 H 4 Ng 0 , 2 ; he calls this substance amido- 
chrysamic acid. A solution of this acid in ammonia gave, upon 
addition of chloride of barium, a red crystalline precipitate; it is 
transformed, by boiling with nitric acid, into chrysamic acid, the 
supernatant liquid containing nitrate of ammonia; on treatment with 
caustic potassa it yields ammonia; with water a dark-purple solution, 
from which it is partially precipitated by strong acids, without changing 
to yellow, (as is the case with chrysamic acid). Its salts resemble 
the chrysamates, and detonate like them upon being heated, but 
when treated with caustic potassa, they yield ammonia; they are 
likewise produced from chrysaminamide by addition of ammonia 
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(on addition of chloride of barium and ammonia to an aqueous 
solution of chrysaminamide, the chrysamate of baryta is precipi¬ 
tated immediately j without addition of ammonia^ however,, this 
salt docs not separate at all in the cold, and only gradually on 
boiling, chloride of ammonium then remaining in solution).— 
Chrysamic acid, when warmed with a moderately concentrated 
solution of potassa, dissolves, without disengagement of ammonia, 
to a brown fluid, which becomes darker during ebullition and 
parts with carbonic acid, which goes over to the potassa, chry¬ 
samic acid ceasing to be in solution; at this point, acids 
produce in it a dark-brown precipitate, which is not soluble in 
water containing an acid, but dissolves in pure water, forming a 
brown solution, which is precipitated by acids and salts of the 
alkalies. By boiling chrysamic acid with a strong solution of 
potassa, and adding chloride of barium, a brown precipitate is 
obtained, which, when treated with a little sulphuric acid, yields 
a brown liquid, containing baryta, and leaving, upon evaporation, 
a brown residue, which consists of minute plates of the composition 
BaO, C ,2 Hj Ng Og (the nitrogen was not determined); Schunck 
considers the acid in this baryta-salt to be the same as that 
termed by him aloeresinic acid.—Chrysamic acid forms with a 
boiling solution of sulphide of potassium, containing an excess of 
potassa, an intensely blue fluid, from which, upon cooling, needles 
separate, appearing blue by transmitted and copper-red by reflected 
light; they yield, when dried, a mass of indigo-blue almost black 
colour, and may be purifled by reciystallization from a boiling 
solution of potassa. Schunck calls this new substance hydro- 
chrysamide; it does not detonate when heated; it gives off 
violet vapours, when heated in a test-tube, which condense to 
blue crystals, while the greater portion of the substance is de¬ 
composed, with disengagement of ammonia and formation of a carbo¬ 
naceous residue; it is insoluble in water, and slightly soluble in 
alcohol, which it colours faintly blue; it is soluble in. concen¬ 
trated sulphuric acid and reprecipitated in blue flakes from this 
solution, by water; in caustic potassa and carbonate ef potassa it 
dissolves with a blue colour, and is precipitated front such solu¬ 
tions by acids; the results of analysis agree equally well with 
the two formulae Hg Ng Og and H ,2 Ojg. This sub¬ 
stance is likewise formed by the action of chrysamic acid on 
a boiling solution of protochloride of tin, which immediately as¬ 
sumes a blue colcmr. Hydrochrysamide is deccfmposed* by 
chlorine and boiling nitric acid. In the decomposition by the 
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latter, nitrous acid is evolved, a dark-brown liquid being obtained, 
which yields, on evaporation, a brown syrup. On treating this 
with water, there remains a brown powder, which dissolves in 
carbonate of potassa, giving a brown solution, and resembles the 
substance formed by the action of potassa on chrysamic acid; the 
liquid, which is separated from the brown powder, contains oxalic 
acid and ammonia. 

Constitntion of the Acids Cn Hn O4. —Frankland and Kolbc(l) 
are of opinion that the acids H„ O 4 (in the so-called hydrated 
state, n representing a whole number) might be considered as 
conjugate compounds of oxalic acid with hydrogen, methyl, ethyl, 
and so on, f. i. 

Formic acid. Acetic acid. Metacctonic acid. Butyric acid. 

H, Ca O 3 , no C 3 H 3 , C 2 O 3 , no C 4 H,, O 3 , IIO C., O 3 ,110. 

Considering benzoic acid O^,) to be likewise a conjugate 

oxalic acid (phenyl-oxalic acid, Cjg Us* Cjj 0.„ HO), and believing 
that the combinations, termed nitriles, had to be more correctly 
viewed as cyanogen-compounds (benzonitrilc Cj^ Hg Nj, for instance, 
as cyanide of phenyl Cjg Hg Cy), they conjectured that, as the 
cyanide of phenyl is converted into phenyl-oxalic acid, so likewise 
methyl-oxalic-, ethyl-oxilic-, and amyl-oxalic acids, i. e. acetic, meta- 
cetonic and caproic acids, might be prepared from cyanides of ethyl, 
methyl and amyl. The results of their experiments on this subject 
fulfilled their expectations; an account of them will be given below 
under the heads of the last named acids. 

Acetones of the Acids Cn Hn O4.— Chailcel(2) has endeavoured 
to support the view that every acetone (according to the hitherto 
adopted views C„_j Hn_iO) of an acid H^ o, is composed of 
the aldehyde of this acid (C„ H„ Og) and the hydrocarbon of the 
preceding series (Cn _2 H„_ 2 ); that common acetone, (of acetic acid) 
f. i., the formula of which is Cg Hg Og, should bq written 
^4. ^ 2 - 

Sources Of tiie Acids Cniin04. —Hu Mcnil(3) has called attention 
to the occurrence of volatile acids in wormwood- and lavender- 
water, and to the difference between the properties of their, combina- 


(1) Ann. Ch. Pharm. LXV, 288; J, Pr. Chem. XLVI, 301, in abstr.; Phil. Mag. 
[3] XXXI, 266, in part (particularly the statements respecting cyanide of ethyl and 
metacctonic acid); Chem. Soc. Mem. HI, 386; J. Pr. Chem. XLII, 313; J. Phartn. [3] 
XIV,294. 

(2) J. Pharm. [3] XIII, 468. 

(3) Arch. Pharm. [2] LI, 18. 
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tions with protoxide of zinc and those of valerianate of protoxide of 
zinc.—In the product of distillation of the milfoil (yarrow) blossoms 04 . 
{achillea imHefolium)i which had the odour of butyric and vilerianic 
acids, Kramer(l) found metacetonic acid; in the distillate from 
carraway he found acetic acid, and in those obtained from Tana- 
cetum vulgare. Arnica moniana and Rosa centifolia he discovered 
acids of an odour similar to that of butyric and valerianic acids.— 

The fruit of the soap-tree {Sapindm saponaria), when distilled with 
water and sulphuric acid, yielded a product containing, according to 
Gorup-Besanez( 2 ), formic and butyric acids. Tamarinds, treated 
in the same manner, yielded formic and acetic acids; the distillate 
had likewise the odour of butyric acid, the existence of this acid 
could, however, not be decidediy proved. Gorup-Bcsanez con¬ 
siders it probable that the above-mentioned acids are formed by 
the oxidation of tartaric acid originally contained in this fruit.— 
B6hmc(3) has shown that, amongst the products of putrefaction in 
peas and lentiles, metacetonic and butyric acids are more particularly 
formed.—According to Dessaignes and Chautard(4), metacetonic 
acid is probably contained in spent tan, besides butyric acid. 

{S^e the articles on the respective acids). 

Respecting the formation of formic, acetic, metacetonic and 
caproic acids, compare also “ Decomposition of casein, fibrin, &c., by 
means of sulphuric acid and binoxide of manganese or bichromate 
of potassa.” 

Fomiic Aeid.^ —On the occurrence of formic acid in fruits, compare 
above. Some observations and experiments, with respect to the 
formation of this acid in oil of lemons, have been published by 
F. Muller(5); he does not, however, himself consider that they 
suffice to afford information respecting the acid which is formed in 
oil of lemons. 

Fr. Will( 6 ), of Erlangen, has shown the active poisonous principle 
in the caterpillar, especially in the bombyw processionea, to be formic 
acid. It exists in a free, concentrated state in all parts of the 
caterpillar, but particularly in the fmces, likewise in the greenish- 

(1) Arch. Pharm, [2] LIV, 9. 

( 2 ) Gel. Anz. d. hair. Acad. Nr. 232; Ann. Ch. Pharm. LXIX, 369; J. Pr. Chem. 

XLVI, ISl. 

(3) J. Pr. Chem. XLI, 278; Ann. Ch. Pharm. LXIV, 328, (in alistr.) 

( 4 ) J. Pharm. [3] XIII, 244 5 J. Pr. Chem. XLV, 49. 

(5) Arch. Pharm. [2] LI, 149. 

( 6 ) Froriep’s Notizen, VII, 141. 

E £ 2 
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yellow matter that exudes when the caterpillar is cut, and in the 
hollow bristles. 

Clodl(l) recommends, for the preparation of dilute formic acid, 
that a mixture of 500 grm. of wheat-starch with 2000 grm. of 
binoxide of manganese, be mixed with 1 litre of water, in a still 
of from 20 to 30 litres’ capacity, that 2 kilogrammes of sulphuric 
acid, diluted with 2 litres of water, be then added and the mixture 
distilled, hot water being added to the mixture during the process, in 
the same amount as it distils over; he states that from 12 to 15 litres 
of a very acid liquid may be thus obtained, containing about 412 grm. 
of hydrate of formic acid. 

Bineau(2) obtained needle-shaped crystals from a solution of 
neutral formiate of potassa in hot concentrated formic acid, on its 
cooling j the mother-liquor yielded, by exposure in vacuo over sul¬ 
phuric acid and caustic potassa, a crystalline mass, a portion of which 
was retained in vacuo as long as it emitted the odour of formic acid, 
while the other portion was dissolved in alcohol and the solution 
evaporated to dryness in vacuo; all these three products contained 
potassa and formic acid in the proportion .shown by the formula 
KO, Cg H Og + H O, Cg H Og; the first contained 2*6, the second 7*6, 
and the third 11*0 per cent of water, in addition to the water expressed 
by the formula. A solution of formiate of soda in concentrated 
formic acid gave, by exposure in vacuOf indistinct crystals, of a 
similar composition, and containing acid and base as represented by 
the formula NaO, Cj H Og+H 0, II Og, besides 7 per cent of 
water.—^Both these salts possess a very acid taste, are exceedingly 
deliquescent, and are converted, for the greater part, into neutral 
salts, by solution in much water and evaporation; they lose a portion 
of their acid by lengthened exposure in vacuo. 

Acetic Acid. —On the occurrence of acetic acid, see page 419, 
Bastick(3) has made some communications on the formation of this 
acid in tinctures. 

According to Prankland and Kolbe(4), cyanide of methyl (ob¬ 
tained, though not free from hydrocyanic acid, by distilling dry 
sulphomethylate of potassa with cyanide of potassium, and rectifying 
the product over chloride of calcium), /orms acetate of potassa, with a 

(1) J. Chim. M^d. [3] IV, 30G. 5 

(2) Ann. Ch. Phys. [3] XIX, 291, and (the same memoir) XXI, 183; J. Pr. Chem. 
XL. 354. 

(3) Pharm. J. Trans. VII, 268. 

(4) J.OC. Cit. p. 418. 



ACIDS AND COLLATERAL MATTERS. 


421 


considerable disengagement of ammonia, upon being treated for some 
time with a boiling, moderately concentrated, aqueous solution of 
potassa, in an apparatus so arranged th^ the volatilized portion con¬ 
denses and returns to the solution of pc^ssa. 

Dumas, Malaguti and Leblanc(l) likewise observed the forma¬ 
tion of acetic acid by the action of an aqueous solution of potassa on 
cyanide of methyl; they obtained the latter by removing the ele¬ 
ments of water from acetate of ammonia {see the Nitriles), and also 
by the action of dry cyanide of potassium upon sulphate of oxide 
of methyl; when prepared by the latter process, it contained some 
cyanide of ammonium and formiatc of ammonia in admixture, which 
impurities imparted to it an insupportable odour and taste, as well as 
poisonous properties; they were removed by boiling, first with 
protoxide of mercury, and afterwards with anhydrous phosphoric 
acid. 

According to Taddei(2), a solution of potassa, of 1‘06 spec grav., 
added drop by drop to a boiling solution of neutral acetate of protoxide 
of lead, of the spec. grav. 1*25 to 1*30, the liquid being agitated, 
produces for a long tinfe no permanent precipitate; suddenly, how¬ 
ever, the whole liquid solidifies to a white mass, consisting of a double 
salt, moderately soluble in hot water, consisting of 3 PbO, 2 KO, 
3 Hg Og, besides water. 

Wittstcin(3) has examined the spontaneous decomposition which 
liquor ferri acetici oxydatij and tinctura ferri acetici oitherea 
Klaprothii undergo, \rhen depositing, after some time, a brown gelati¬ 
nous precipitate. He has arrived at the conclusion, that this preci¬ 
pitate may be considered as h supcrbasic acetate of sesquioxide of iron, 
but that it was of inconstant composition, inasmuch as the amount of 
acid it contained varied with the acidity of the solution from which it 
was deposited; that the decomposition was not attended by the 
formation of protoxide of iron, but that by exposure of the solutions 
to diffused light, the latter might be produced, and exert an accelera¬ 
ting influence on the decomposition, the real cause of which was, 
however, as yet unknown. 

Aldehyde. —Weidenbu8ch(4) has investigated the action of alka¬ 
lies and acids upon aldehyde.* He likewise was unsuccessful in 
obtaining, in a state of purity, the yellow resin, which separates, 

(1) Compt. Rend. XXV, 474. 

(2) Cliem. Gaz. 1848, 160> from Raccolta Fi8ico.>cluniica Italiana, II, 562. 

(3) Report. Pharm. [3] I, 289. 

(4) Chem. Gaz. 1849,34; Ann. Ch. Pharm. LXVl, 152; J. Pr. Chem. XLVl, 252 { 
Laurent and Gerhardt'a Compt. Rend, des Trav. Chim. 1849, 28. 
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Aldehyde, accompanied by the disengagement of a pungent odour, during 
the action of potassa upon aldehyde j—because it could not be freed 
from the substance to which^this odour is due, this being a vola¬ 
tile, oleaginous body, thickening re^ily when in contaet with air, and 
more readily by the action of nitric acid, to a golden-yellow, viscous 
resin, of a cinnamon-like odour, soluble in alcohol and ether, and 
also somewhat soluble in water, but differing from the real aldehyde- 
resin. The latter is a dark orange-yellow powder, becoming paler by 
desiccation at 100®, which is soluble in alcohol and ether, slightly 
so in water, but scarcely at all in alkalies, and only partially in con¬ 
centrated sulphuric acid; it is reprecipitated from the latter solution 
by water. It is rapidly deprived of its colour by passing only a little 
chlorine into its alcoholic solution, from which it is rcprccipitatcd 
by water as a snow-white powder, containing, however, some 
chlorine. The most highly purified resin was found to contain 76*4 
per cent of carbon, and 8‘0 per cent of hydrogen; its formation is 
attended by the production of acetic, formic, and aldehydic acids 
(acetylous acid), which combine with the potassa.—If aldehyde be 
brought in contact, at a temperature below 0®, with a minute 
quantity of sulphuric, or nitric acid, small acicular crystals soon 
separate, which are probably infusible mctaldehyde; on agitating 
the supernatant liquid with water, a fluid separates, and rises to the 
surface, which, when dried by chloride of calcium, and rectified, has 
the composition Cjg Hig Og, and the same vapour-density (4*583) 
as elaldehyde, but a higher boiling-point (125®) than it j it is re¬ 
converted into aldehyde when warmed with a trace of sulphuric, 
or nitric acid j it changes rapidly by itself, or in the presence of 
water) to an acid, the baryta-salt of which is cryst^zable, and easily 
soluble in water ^ it reduces salts of protoxide of silver with facility, 
and yields, with salts of the sub- and protoxide of mercury, white 
precipitates; (heat decomposes the precipitate obtained with salts of 
the suboxide, a reduction of the suboxide to metal being effected; 
while that produced in salts of the protoxide remains white- even 
when boiled). 

A mixture of aldehyde and water being exposed, for some time, 
to a current of hydrosulphuric acid, Ifecame turbid, a semi-fluid clear 
oil separating, which was dried in vacuo. Its spec. grav. is 1*134, 
it has the offensive odour of garlic, is somewhat soluble in water, and 
easily so in alcohol and ether; it. is miscible with fatty and etherial 
oils, and agrees in composition with the formula CigHigS,; it 
commences to boil at 180®, but the boiling-point rises continually, 
♦he oil becoming brown; there remains in the retort, finally, a brown 
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viscid substance, which solidifies into a mass of crystals. By 
chloride of calcium this oil is decomposed into sulphide of calcium 
and aldehyde; with ammoniacal gas, it produces thialdine. The 
addition of a single drop- of concentrtited sulphuric acid (or the 
exposure to a current of hydrochloric acid gas) causes it to solidify to 
a white crystalline mass, while hydrosulphuric acid is evolved. This 
mass dissolves upon addition of more sulphuric acid, and may be 
reprccipitated by water; it is soluble in alcohol and ether, and 
slightly so in water; it distils over with the latter, and crystallizes in 
dazzling white needles, of a disagreeable garlic-odour; these com¬ 
mence to sublime at 45”, and have the formula, C 12 Hjg — HS 
= €32 11^2 Sg, or C 4 H 4 S 2 ; this substance is, therefore, aldehyde, 
in which the oxygen is replaced by sulphur (Weidcnbusch calls 
it acetyl-rMrcaptatC), There are other methods of obtaining this 
compound from the oil, Hjg S,; f. i., it is formed by heating the 
oil (in fact, the crystalline body remaining behind on its distillation 
is acetyl-mercaptan); likewise, by exposing water saturated with the 
oil to the air, hydrosulphuric acid being evolved; (the oil may be 
reproduced by passing a current of that gas into this solution); by 
lengthened exposure of the oil over sulphuric acid, under a bell-jar, 
or by the action of a small quantity of chlorine, (much of the latter 
jiroduces an oily fluid, with a most disagreeable odour). The com¬ 
pound, II 4 S 2 , is neutral in its properties, it is not aeted upon by 
ammonia, potassa, and protoxide of mercury; it effervesces violently 
when nitric acid is poured upon it. On mixing alcoholic solutions of 
this substance, and of nitrate of protoxide of silver, a pretty conside¬ 
rable white precipitate is formed, which rapidly changes in colour, 
•and, on being heated, deposits protosulphide of silver, while a silver- 
compound remains dissolved in the hot alcohol, If this solution be 
filtered, while boiling, nacreous spangles separate on cooling, which, 
when washed with alcohol, correspond in composition to the formula, 
2 (AgO, NOg) + 3 C4 H4 S3 ; they possess the odour of acetyl- 
mercaptan, (which substance may be separated from them by 
alkalies); they darken on exposure to light, when heated alone, they 
blacken, evolving nitrous acid, and are decomposed, on evaporation of 
their aqueous solution, with deposition of protosulphide of silver. 

Respecting the aldehydes of other acids (mctacetonic and butyric 
acids), see “The decomposition of casein, &c., by sulphuric acid 
and binoxide of manganese, or bichromate of potassa.” 

Metacetonic Acid. —On the occurrence of mctacetonic acid, compare 
page 419. 

The acid, detected by Nollncr, in the fermented mother-liquor of 
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^hiGMid^ acid tartrate of potassa^ termed pseudo-acetic acid by him, and butyi*o- 
acetic acid by Nickl^s (who found it to have the formula, Cg Ilg 0^, 
but believed it to differ from metacetonic acid), has been proved by 
Dumas, Malaguti, and Leblanc(l), to be identical with metacetonic 
acid. Both acids, besides possessing the same composition, arc also 
identical in their appeai’ance, odour, and boiling-point (which is about 
140"). They form the same salts of baryta, and of protoxide of silver; 
the former, prepared with both acids, has been investigated crystal- 
lographically by Provost aye. The above-named chemists propose 
for this acid the name oipropionic add (first fatty acid), as it is the 
first of the series 0 ^ Hq 0 ^, that exhibits the character of a fatty acid, 
*. e. in being separated from its solution as a layer of oil, and in 
forming salts with the alkalies, which have a greasy feel. Dumas, 
Malaguti and Leblanc produced this acid by the action of 
potaasa upon cyanide of ethyl( 2 ). They obtained mctacetonatc 

of potassa as a white salt of nacreous lustre, very soluble in 
water j the silver-salt, obtained from the former compound by pre¬ 
cipitation with nitrate of protoxide of silver, was found to possess 
the formula AgO, Cg Hg O 3 . They observed, in the separation of 
metacetonic acid from the potassa-salt, by distillation with syrupy 
phosphoric acid, that the portion of the acid which passes over 
last, crystallizes and remains solid at the common temperature, if 
protected from moisture. 

Frankland and Kolbe(3) obtained metacetonic acid in the same 
manner. They prepared cyanide of ethyl by distilling sulphovinatc of 
potassa with cyanide of potassium, agitating the product with water, 
separating it from the latter by chloride of sodium, drying it with chlo¬ 
ride of calcium, and rectifying it; when pure it is a fluid of the spec# 
grav. 0'7889 at 12®*6, and boiling at 80"; it is, contrary to Pelouze's 
statement, considerably soluble in water, from which it may, however, 
be nearly perfectly separated by addition of chloride of sodium or 
chloride of calcium.—On treating cyanide of ethyl with a boiling 
aqueous solution of potassa, the evaporating liquid being allowed 
to condense and return to the flask, metacetonate of potassa was 
obtained, and this salt, when distilled with sulphuric acid, yielded 
aqueous metacetonic acid. The baryta-salt of the latter crystal¬ 
lizes with difficulty; when dried at 100" it has the formula BaO, 
Cg Hg O 3 ; the salt of protoxide of silver sepai'ates in small crys- 

(l) Compt. Rend. XXV, 781 5 Ann. Ch. Pliartn. LXIV, 329 (in nbitr.) 

(Z't Ibid. 656. 

Loc. Cit. p. 418. 
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talline scales from a hot saturated solution, on its cooling; it is 
less soluble in water than the acetate, and, when dried in vacuo “i*** 

over sulphuric acid, has the composition assigned to it by Gott¬ 
lieb, AgO, Cg Hg O 3 ; the salt of protoxide of lead has a sweet 
taste, its solution leaves, on evaporation, a tenacious gummy mass, 
which, dried in vacm over sulphuric acid, is PbO, Cg Hg O 3 . 

Respecting the metacetonic acid, in which hydrogen is replaced 
by chlorine, wc refer to page 384. 

Nitrometacetonic Add. —According to Laurent and Chancel(l), if 
a mixture of equal volumes of butyrone (Cy Hy 0 ) and nitric acid 
of the usual strength, be gently heated, a violent action ensues, 
nitrous vapours and carbonic acid being evolved; if the applica¬ 
tion of heat be discontinued as soon as the action commences 
and the fluid be poured into a large quantity of water, after the 
evolution of gas has ceased, an oily liquid is precipitated, which 
mixes in all proportions with alcohol; this substaiice is nitro~ 
metacetonic addy being metacetonic acid, in which 1 H is replaced 
by 1 NOj. It may be obtained in a state of greater purity 
by the addition of a strong acid to an aqueous solution of the, 
})otassa- or ammonia-salt; it remains fluid even at a very low 
temperature, it is inflammajblo and possesses an aromatic odour 
and a sweet taste. On mixing alcoholic solutions of the acid 
and of potassa, yellow needles of the potassa-salt arc imme¬ 
diately formed; they are purified by recrystallization. The am¬ 
monia-salt is produced in a similar manner; the other salts, 
and especially the silver-salt, are obtained by double decomposi¬ 
tion. All these salts are crystallizable, and, with the exception 
of the ammonia-salt, take fire with a kind of explosion, when 
gently heated. The formula of the acid is HO, Cg H^, (NO^) 

O 3 , that of the crystallized potassa-salt is KO, CgH^ (NO 4 ) O 3 
+ 2 110. The ammonia-salt, which is isomorphous with the former, 
having ^the formula NH^ 0, Cg H^ (NO J O 3 H- 2 HO, sublimes 
without decomposition, but, when kept for several days, it spon¬ 
taneously explodes; hydrosulphuric acid decomposes it with de- * 
jjosition of sulphur. The solution of the potassa-salt yields with 
nitrate of protoxide of silver a yellow precipitate, probably a 
basic-salt; on treating this with boiling water, there remains a 
residue of protoxide of silver, and the neutral silver-salt is dis- 

(1) J. PLorm. [3] Xlll, 462 j Conipt. Read. XXV, 883; Ann. Ch. Pharm. LXIV, 

331. 
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dissolved, crystallizing in rhombic plates of the formula AgO, 
Ce (NO^ O 3+2 HO. 

Butyric Add.— Ou the occurrence and formation of butyric acid, 
see p. 393 and 419. 

Wackenroder(l) has shown that some butyric acid is formed 
during the conversion of sugar of milk into lactic acid. 

jBensch(2) has pointed out that, in Gobley's method for the 
preparation of lactic acid, there is no means of ascertaining when 
the conversion of the sugar into lactic acid is completely effected, and 
that a loss of that acid may hence arise, in consequence of the 
production of butyric acid (which commences immediately after 
the formation of lactic acid).—Bcnsch gives the following direc¬ 
tions for the preparation of lactic and butyric acids. 6 pounds of 
cane-sugar and 4 ounce of tartaric acid are dissolved in 26 pounds 
of boiling water, and the solution allowed to stand for several 
days ; about 8 ounces of old putrid cheese broken up in 8 pounds 
of skimmed and curdled sour milk; 3 pounds, of levigated chalk 
arc then added, 'the mixture being placed in a warm place, at 
about 30® to 35®, and well stirred daily. After 8 or 10 days, the 
whole solidifies to a magma of laetate of lime, which is then mixed 
with 20 pounds of boiling water and ^ ounce of caustic lime, 
boiled for half an hour, strained through a filter-bag, and the 
filtrate evaporated to syrupy consistency; after four days the 
lactate of lime will be found to have separated in crystalline 
grains. It is then drained, mixed up, three or four different 
times, with about -J„th of its weight of cold water, and drained 
by pressure; it is now dissolved in twice its weight of boiling 
water, 3 4 ounces of sulphuric add, diluted with an equal 
weight of water, being added to the solution foT every pound of 
the pressed lactate of lime contained therein; the precipitate 
formed is filtered off, and the hot filtrate boiled for a quarter of 
an hour (not longer) with carbonate of protoxide of zinc, in the 
proportion of If pound to every pound of sulphuric acid em¬ 
ployed ; the liquid, filtered while boiling, deposits, after some time, 
colourless lactate of protoxide of zinc in crystallized crusts, which 
are washed with cold water, dissolved in 74 times their weight of 
boiling water, and decomposed by hydrosulphuric acid. 

If the above mixture of sugar, chalk, &c., is left for a longer 
period than ten days at 35®, the water, evaporated, being replaced. 


(0 Arch. Pharni. [2] LI, 138. 


(2) Ann. Ch. Pharm. LXI, 17A. 
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the mass becomes again more liquid, while gas is evoUed, and 
after five or six weeks, the lactic acid is entirely converted into 
butyric acid. The liquid obtained is mixed with an equal volume 
of cold water, a solution of 8 pounds of crystallized carbonate of 
soda added, and the precipitated carbonate of lime filtered off and 
washed; the filtrate and wash-waters are evaporated down to 10 
pounds, when 54 pounds of sulphuric acid, previously diluted with 
an equal weight of water, are carefully added. The butyric acid, 
which separates on the surface of the liquid, as a dark-coloured 
oil, is removed, and the rest of the liquid distilled; the distillate 
is neutralized with carbonate of soda and the butyric acid it 
contains, likewise separated by sulphuric acid. The whole of the 
crude butyric acid is rectified, with the addition of 1 ounce of 
sulphuric acid to every pound; the distillate is saturated with 
chloride of calcium, which removes the acetic acid, and redistilled; 
the first portion that comes over is dilute butyric acid, containing 
traces of hydrochloric acid, the latter portion is concentrated 
butyric acid. 28 ounces of pure concentrated butyric acid are 
thus obtained from 6 poimds of cane-sugar. 

According to Laroque(l) butyric acid may be distinguished 
from valerianic acid by the latter forming, when added to a 
solution of acetate of protoxide of copper, at first a green oily 
stratum floating on the surface of the liquid, and a solid preci¬ 
pitate only upon agitation, while the latter is produced imme¬ 
diately by butyric acid(2). Laroque observed that the crystallized 
butyrate of protoxide of zinc fused at about 100®, and was decom¬ 
posed at higher temperatures, with evolution of acid vapours and 
the formation of an anhydrous salt and butyrone; he also found 
that the anhydrous salt fused at 140®, and that by boiling a 
solution of this salt butyric acid was volatilized, an insoluble 
basic salt being formed. — Butyrate of protoxide of copper 


(1) From Recueil des Trav. de la Soc. d’flmulat. pour les Sc. Fharm., Jauviery 1847, 
in J. Pharm. [3] XII, 67. 

(2) It may here be stated, that the separation of butyric from valerianic add, is 
effected by semi-saturaUng a mixture of the adds with carbonate of soda, and distil¬ 
ling ; the product consists entirely, or priiidpally, of butyric acid, acemrding to the 
proportion in which the adds are mixed; if the distillate contains valerianic add, the 
residue in the retort will be found quite free from butyric add; in the other case, the 
residuary soda-salt is decomposed by sulphuric acid, the add; thus separated, is once 
more semi-satwated with carbonate of s^a, distilled, and so on; the last distillation 
will yield products gradually richer in pure valerianic add. 
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was found by Lie8(l) to be represented by the formula CuO, 
CgH, Og+HO. 

Valerianic Acid. —On the occurrence of valerianic acid, see 
p. 419. 

Thirault(2) agrees with the view, that valerianic acid does not 
pre-exist in the valerian-root, but is formed by the oxidation of the 
oil contained therein,- by the oxygen of the atmosphere, and, that 
water and caustic alkalies promote this oxidation, although the latter 
have no direct chemical action on valerian-oil. lie recommends 
that the separation of the acid from the roots be not proceeded 
with, until they have been boiled in a weak aqueous solution of 
an alkali, and exposed therein to the action of the atmosphere 
for a month.—Leudct(3) found, that no valerianic acid was 
formed by exposure of the oil in the presence of water to the 
atmosphere; he believes, on the contrary, that, under these 
circumstances, a different acid is formed, separating, on the 
addition of nitric acid, from its aqueous solution as a resinous 
substance. 

* 

Lefort obtained, by following Brun-Buisson's direction for 
the preparation of valerianate of zind$ with some slight modifica¬ 
tions of his own (by macerating, for twenty-four hours, 4 kilo¬ 
grammes of valerian-root with 25 litres of water, 400 grammes 
of sulphuric acid, and 240 grammes of bichromate of potassa, 
then distilling off 10 litres, and saturating the distillate with 
protoxide of zinc) an abundant product of a zinc-salt, which 
consisted, however, chiefly of sulphate of protoxide of zinc. 
According to Lefort’s observation, valerianate of zinc is de¬ 
composed by boiling its aqueous solution.—Laro(que(4), likewise, 
found this to be the case; he also states that it is more difficult 
to obtain a volatile anhydrous salt from the valerianate of pro¬ 
toxide of zinc than from the butyrate; and that the former salt, 
when distilled, has the appearance of paraffine.—^Witt8tein(5) has 
observed, that the aqueous solution of valerianate of zinc is ren¬ 
dered turbid, by being heated for a short time, becoming, how¬ 
ever, clear again on cooling; but that, after continued ebullition, 
it deposits a basic salt, which does not redissolve on cooling. 

(1) Compt. Rend. XXVII, 321. 

(2) J. Pharin. [3] XII, 161; Repert. Pharm. [2] XLVII, 389. 

(3) Ibid. [3] XI, 444. 

(4) From Recueil dee Trav. de la Soc. d’^^mulat. pour lea Sc. Pharm., Janvier, 1847, 
44 in J. Phann. t3] XII, 68. 

to) Repert. Phann. [3] 1,189. 
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Wittstein also found, that on mixing a thin paste of freshly 
precipitated carbonate of protoxide of zinc, with valerianic acid, a 
salt ZnO, Cj„ Hg O 3 -f 12 HO is formed, containing water which 
is not expelled at 50®, hut is evolved at lOO*’; while the salt 
that separates on evaporation of an aqueous solution, or on mixing 
solutions of sulphate of protoxide of zinc and valerianate of soda, 
is anhydrous; the salt containing water is soluble in 44 times, 
and the anhydrous salt, according to later experiments, in 90 times 
its weight of water. 

Witt 8 tein(l) formerly assigned to valenamte of sesquioxide of 
iroUf the formula 3 Fcg O 3 , 7 Cjo II 9 O 3 + 2 HO. Ricckher(2) 
considered this salt, obtained by him on adding a solution of 
sesquichloride of iron to a moderately warm solution of valerianate 
of soda, as an amorphous lustrous substance, dark-red and trans¬ 
lucent at the edges, and brittle at the common temperature, to 
contain merely hygroscopic water (to the extent of 17 per cent); 
his analysis of the salt, dried at 100 ®, corresponds with the for¬ 
mula 3 Fcj O 3 , 7 C,o Hg O 3 . Witt8tein(3) endeavoured to prove 
the coiTcctness of his formula by new analyses, and stated, that 
at 100 ^ this salt gradually lost almost the half of its acid. 
Iliccklier(4-), at ‘a later period, considered it probable that the 
substance, obtained by him, was different from that formed on ad¬ 
dition of an alkaline valerianate to a solution of sesquioxide of 
iron in the cold; and that, without regarding the water in the 
former, which he considered as hygroscopic,, its composition was 
expressed by the formula 4 Fcg O 3 , 9 Cjo Hg 03 . 

Wittstein(5) has found the valerianate of teroxide of bismuth, 
(obtained as a loose white powder, by the addition of valerianate 
of soda to a solution of bismuth in nitric acid, and by nearly 
perfect saturation with carbonate of soda), when dried at 50'^, to 
have the formula 3 Bi O 3 , 2 Ciq Hg O 3 -f 4 HO. 

Decomposition of Valerianic Acid by the Electric Current.— 
Kolbe( 6 ) has investigated the decomposition of valerianic acid 
by the electric current. By the action of a current produced by 
six pairs of Bunsen's carbon-zinc battery, the electrodes being 
of platinum, and immersed in a concentrated solution of vale¬ 
rianate of potassa, at 0 *^, hydrogen, carbonic acid and a new 


(1) Repert. Pharin. [2] XXXVII, 300. (3) Jahrb. Pr. Pham. XVI, 324. 

(2) Jahrb. Pr. Pharm. XV, 151. (4) Ibid. XVII, 8b. 

(5) Repert. Pharra. [3] I, 37. 

(6) Chcm.Soc. Mem. Ill, 378;-Phil. Mag. [3] XXXI, 848 j J. Pr. Cuem. XUI, 
311; Ann. Ch. Pharra. LXIV, 339 lin abstr.) 
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gaseous hydrocarbon were evolved^ and a light oily liquid sepa- 
ratcdj which rose to the surface, the potassa being finally 
converted principally into the neutral and acid carbonates. The 
light oily fluid, possessing an etherial odour, is a mixture of two 
substances; one of these is decomposed by an alcoholic solution of 
potassa, with formation of valerianate of potassa. (Kolbc, sup¬ 
poses this substance to be an etherial combination Cg Hg O, 
Cjo Hg O 3 ; but operating with very small quantities he did 
not succeed in isolating the new alcohol Cg Og, which must 
be formed by the decomposition of this compound). The other 
substance is a light colourless oily fluid, of an agreeable aromatic 
odour, boiling at 108®; its spec. grav. is 0*694 at 18®, and its 
composition Cg Ilg, its vapour-density is 4*05 (with the assump¬ 
tion of a condensation to 2 volumes, it is calculated at 3*91). 
Kolbe calls this liquid valyl; its formation from valerianic 
acid, with the evolution of carbonic acid and hydrogen, is ex¬ 
plained by the equation C^g Hjg = Cg Hg + 2 COg 4 - II. Valyl 
is soluble in alcohol and in ether, but not in water, and is not 
affected by oxygen or iodine, while bromine, chlorine, and fuming 
nitric acid convert it into products of substitution.—The gaseous 
hydrocarbon, formed during the decomposition of valerianjc acid, 
possesses a peculiar etherial odour, its formula is Cg Hg, and 
its spec. grav. double that of olefiant gas; with chlorine it forms, 
even in the dark, a heavy oily fluid, containing several sub¬ 
stitution-products.—Kolbe has likewise observed that acetic and 
butyric acids are decomposed in a similar mminer; the former 
yielding only gaseous products, the latter, also a volatile liquid, 

c, H,(l). 

According to Prankland and Kolbe(2), cyanide of amyl, 
[which, when obtained pure in a manner similar to that for 
cyanide of ethyl, (p. 424), is a mobile liquid of peculiar odour, of 
the spec. grav. 0*8061 at 20®, having a vapour-density of 3*333, 
(calculated at 3*351 for a condensation to 4 volumes), boiling 
at 146°, and less soluble in water than cyanide of ethyl, but 
miscible in all proportions with alcohol] yields caproate of potassa, 
when treated with an alcoholic solution of potassa (which acts 
more rapidly than an aqueous solution), in such a manner that the 
evaporated liquid returns t« the potassa. To confirm this decom- 


(1) Kolbe hfts given a more detailed account of thii reaction, in a memoir lately 
nubUsbed (1849) Ann. Ch. Pharm. LXIX, 257. 

(2) Loc. Cit. p. 418. 
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position, the combinations of this acid with baryta and protoxide 
of silver were prepared and analysed. 

Fatty Acids in Oil of Cocoa-Nnt.— ~Fchling(l) had pointed out, at 
an earlier period, the existence of caproic acid, C 12 Hi^ 0 ^, and 
caprylic acid, Cjg H O 4 , in cocoa-nut oil; A. G6rgey(2) has 
found, besides these, capric acid, H 20 0^. The principal con¬ 
stituent of cocoa-nut oil is, however, according to Gorgey's 
experiments, Sthamer's pichurim-stearic acid (lauro-stearic acid of 
Marsson C 24 H 24 O 4 ). Gorgey could not obtain an acid of the 
formula Cgg H 22 O 4 J such as Saint-Evre(3) asserts that he has 
discovered; he considers it however probable that myristic acid 
C 28 H 28 Oy and. palmitic acid C 32 H 32 O 4 , exists in cocoa-nut 
oil, besides the acids already enumerated. Capric and pichurim- 
stearic acids may be recognized, according to Gorgey, amongst 
the mixture of fatty acids in cocoa-nut oil, by the behaviour 
of their baryta-salts during crystallization from the hot aqueous 
solution; the latter becomes turbid on cooling, even while passing 
through the filter, and deposits white flakes, which are pichuiim- 
stearate of baryta. The supernatant liquid soon becomes turbid 
again, caprate of baryta being deposited as a fine white powder. 
Baryta-salts of the acids of atomic weights lower than that of caprylic 
acid (Cjg Ilig O 4 ) may be easily obtained by means of baryta-water, 
but with the acids of higher atomic weight it is better to pre¬ 
cipitate the ammonia-salts with chloride of barium. Should the 
mixture of acids contain capryhc acid, its presence may be recog¬ 
nized by the liquid, filtered from the precipitate produced by 
chloride of. barium, becoming opalescent, (like a dilute solution of 
ammonia-soap), after being rapidly boiled down and cooled. 

The following are some additional statements made by Gorgey 
respecting capric and pichurim-stearic acids. 

Capric add .—This acid is contained only in small quantities 


(1) Annl Ch. Fharm. LIII, 390 ; Berzelius’ Jahresber. XXVI, 619. 

(2) Ann. Ch. Phann. LXVI, 290; Ann. Ch. Phys. [3] XXV, 102. 

(3) Saint-Evre has given the name cocinic acid to the substance obtained from 
cocoa-nut oil, by saponifying the latter, separating the acids from the soap, pressing and 
recrystallizing them from alcohol, resaponifying with soda, precipitating the soda- 
compound with acetate of protoxide of lead, extracting the lead-compounds with ether,' 
and decomposing the residue'with tartaric acid; the analyses of the crystallized acid 
(the fusing-point of which was 347*’), and its combinations with oxide of ethyl, and 
protoxide of silver, led him to the formula, Il^n O 4 ; the product of dry distillation 
of the lime-salt (cocicone) yielded, on analysis, numbers corresponding with the formula,* 
Cgi II 31 0. (Ann. Ch. Phys. [3]«XX, 91; J. Pr. Chem. XLI, 144; Ann. Ch. Fharm. 
LXIV, 341 (in abstr.) 
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^rn^oifor * ™ cocoa-nut oil. It fuses at 30® and possesses a faint hircinic 
cocoH-nut. odour; it is perceptibly soluble in hot water but separates again, 
on cooling, in lustrous crystalline spangles, so perfectly indeed, 
that the water scarcely retains any acid reaction. The baryta-salt 
crystallizes in delicate dcntritic aggregates, on evaporation of its 
aqueous solution to a pellicle. 

Pichunm-stearic add .—On coqling an alcoholic solution of this 
substance, saturated at the ordinary temperature, down to 0 ®, it is 
deposited in concretions of the size of a hazel-nut, consisting of small 
spiciilar crystals. Its spec. grav. is 0*883 at 20®, its fusing-point lies 
between 42® and 43®.—Pichurim-stearatc of oxide of ethyl, Ilg 0, 
Cat H 23 O 3 , solidifies at ^— 10 ®; it has the spec. grav. 0*86 at 20 ®, and 
the boiling-point 264® (coinciding accurately with the calculated boil¬ 
ing-point, according to II. Kopp’s law); the spec. grav. of its vapour, 
observed, is 8*4, the calculated number is 7*9.—Pichurim-stearatc 
of baryta is deposited from its hot aqueous solution in small white 
flakes; 1 part of this salt is soluble in 10864 parts of water at 
16*5®, in 1982 |)arts at 100®, in 1468 parts of common alcohol 
at 15*5®, and 211 parts of alcohol at the boiling temperature. 

Fatty Acids In Castur-Oil. —According t^i the earlier investigations 
of Bussy and Lccanu(l), castor-oil was considered as a combination 
of oxide of glyceryl with three fatty acids, of which the one fusing 
at 130®, was called margaritic acid; while the two others, existing as 
liquids, were named ricic and claiodic acid. Bussy and Jjccanu 
■ consider the two latter to be idcmtical with the acids appearing 
among the products of the di*y distillation of castor-oil. 

Saalmullcr(2), in again taking up this investigation, has shown 
that castor-oil. contains no acid fusing at 1 ^®, and that the 
high fusing-point and the diflScult solubility in alcohol of marga¬ 
ritic acid, as observed by the above named chemists, is to be 
ascribed to its retaining a portion of alkali. He found the fusing- 
point of this acid to be 70®, and its point of solidification between 
68 ® and 70®. One analysis of the substance furnished. numbers 
corresponding exactly with the formula of stearic acid; three other 
analyses, however, made with substance of a different preparation, 
gave results more closely agreeing with the composition of pal¬ 
mitic acid. It, therefore, still remains doubtful whether all kinds 
of castor-oil contain invariably the same solid fatty acid, and like- 


(Ij J. Pham, XIII, 57. • 

(2) Ann. Ch. Pharm. LXIV, 108, (in abstr.); J. Pham. [3] XIII, 391. 
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wise which acid it is; invariably, however, its relative proportion in Patiyadds 
the oil is very insignificant. " 

The principal portion of the fatty acids, obtained by the sapo¬ 
nification of castor-oil, consists of an acid, which, at the common 
temperature, is of syi’upy consistence, of a pale sherry colour, and 
inodorous, but of a disagreeable sharp and acrid taste; its spec. grav. 
is 0’94 at 15®, it only solidifies*at from — 6 ® to—Ky', to a mass 
of globular concretions. The best method for obtaining it pure is 
that described by Gottlieb for the preparation of the mdesiccative 
oleic acid. 

Saalmiiller calls this substance rieinoleic acid .—It is miscible 
in all proportions with alcohol and ether,, its solution has an acid 
reaction, and decomposes the alkaline carbonates. It is not affected 
by contact with oxygen, and yields, on distillation, no scbacic acid, 
but oenantholc and ojnanthylic ^acid, as sjbown by Bussy.—Accord¬ 
ing to Saaliniiller, the composition of rieinoleic acid is expressed 
by the formula Cgg Ilgg Og = HO, €33 II 35 Qg. The ricinoleates of 
^the alkaline earths and the heavy metallic oxides, that have been 
examined, are almost aU crystallizable; they are all soluble in 
alcohol and some also in ether; they arc anhydrous after desiccation 
in vacuo, with exception of the. lime-salt, and have the formula MO, 

C 33 H 35 O 5 . Like the acid itself, they do not absorb oxygen from 
the air.- The following salts were obtained by precipitation of 
aqueous solutions of the chlorides with a very dilute solution of 
the acid in an excess of ammonia: the baryta-salt, (crystallizing 
from its alcoholic solution in white, delicate laminae); the strontia- 
salt, (crystallizing in small white grains); and the lime-salt, (forming 
small dazzling white scaly crystals, which contain 1 eq. of water 
and fuse at 80”). The magnesia-salt crystallizes in thin needles; 
the salt of protoxide of zinc, in small white nodules. Tlie salt of 
protoxide of lead could not be obtained of constant composition 
by precipitating a solution of the acid in an excess of ammonia, 

W'ith acetate of protoxide of lead, but w^as prepared perfectly pure 
by digesting the acid with an excess of protoxide of lead at a 
gentle heat, and recrystallizing the resulting combination from 
ether; it fuses at 100®. It was likewise difficult to obtain' a salt 
of- protoxide of silver of constant composition. Ricinoleate of oxide 
of ethyl is a sherry-coloured oily fluid, which cannot be distilled 
without undergoing decomposition. 

Saalmiiller has also found that, contrary to the statements made 

VOL. I. F F 
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by Boiidet(l), neither castor-oil nor ricinoleic acid are at all 
altered in composition or physical constitution by treatment with 
sulphurous acid. 

Svanberg and Kolmodin(2) obtained different results in their 
investigation of the liquid acid of castor-oil. After saponification 
of the oil, the acids were precipitated by hydrochloric acid, washed, 
and the more solid ones separated by filtration at from 3® to 5". 
That portion which passed through the filter was treated with 
ammonia in an insufficient quantity to neutralize it; the resulting 
soap was decomposed with chloride of barium and the baryta-salt 
recrystallizcd from alcohol until it contained a constant amount 
of baryta. Svanberg and Kolmodin deduced, from a single 
analysis of this salt, the formula BaO, Cgfl H 33 O 5 j according to 
them pure ricinoleic acid (precipitated from the baryta-salt by 
hydrochloric acid), is a weak acid, solidifying at about (K*, the 
alcoholic solution of which scarcely reddens litmus paper. 

The solid acids of castor-oil have been likewise examined by 
Scharling(3). Some crystals, which had been deposited from castor- 
oil, were repeatedly dissolved in boiling alcohol ; from the cooling 
solution a fat scpai'atcd, which fused at 41®, and yielded by sapo¬ 
nification a fatty acid, fusing at 72®. After saponifying the oil, 
from which the crystals had been deposited, decomposing the soda- 
compound with acetate of protoxide of lead, and treating the pre¬ 
cipitate obtained, with ether, there remained a lead-compound; 
the acid of which, after repeated recrystallization from alcohol, 
likewise fused at 72®. The analysis of the silver-salt corresponded 
nearly to the composition of palmitate of protoxide of silver, 
AgO, C 32 Hgj O 3 , Scharling considers its correct formula to be 
AgO, C 33 H 32 O 3 , and views the acid it contains as a peculiar ricino- 
stearic acid, which is distinguished from palmitic acid by its higher 
fusing-point (the latter fusing at 60®), and from common stearic acid, 
by its somewhat greater volatility. 

CEnantboie. —Bus8y(4) found, at an earlier period, amongst the 
products of distillation of castor-oil, a peculiar fluid, boiling at from 
155® to 158®, which he called oenanthole; he assigned to it the 

(1) Ann. Ch. Phys. [2] L, 391; Berzelius’ Jahresber. XlII, 284. 

(2) From Ocfversigt a£ Kongl. Vetensk. Forhandl. 1847, 124, in J. Fr. Chem. 
XLV, 431. 

(3) Oversigt over det Kongl. danske Vidensk. Selsk. Forhandl. 1847} Trier und 
Faber’s Archiv for Pharmacie og technuk Cbem. II, 25; J. Pr. Chem. XLV, 434. 

(4j Compt, Rend. XXI, 84. 
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formula, 0^11,^ O2, and described the method of obtaining it pure. 
Williamson, and Tilley have submitted this substance to farther 
investigations. 

Williamson(l) confirmed Buasy^s formula of oenanthole, and 
found its boiling-point to be at from 155® to 156®.—On trifcating 
oenanthole with a concentrated aqueous solution of potassa, an eleva¬ 
tion of temperature ensued, the odour of the supernatant liquid was 
altered, and there was found, in combination with the potassa, an 
acid, separable as an oil by tartaric acid; this was recognized as 
being oenanthylic acid (the baryta-salt, BaO, Cj^HjgOg, and the 
salt of protoxide of silver were submitted to analysis); the composi¬ 
tion of the oil, formed in this reaction (as the residuary substance, 
after treating oenanthole with potassa)*, was found to vary very 
much in different preparations; it differs, moreover, from mnantholc 
by yielding, with nitric. acid, a product heavier than water, while 
the latter yields, by the same treatment, an agreeably smelling 
product, which is lighter than water.—After treating oenanthole, 
dissolved in four times its volume of alcohol, with hydrochloric acid 
gas, addition of water separates an oil, differing from oenanthole, 
which may be distilled with water, or even by itself, if the tempe¬ 
rature bo properly regulated; it is a colourless fluid, of an agreeable 
odour, and was recognized as being oenanthylate of oxide of ethyl, 
C4. II5 O, Hj3 O3.—The results of the action of chlorine upon 

oenanthole are hydrochloric acid, and a semi-fluid oil of an agreeable 
odour, which is heavier than water; it may be distilled by itself, 
and has the formula, CnHjiClaO^. In Williamson’s opinion, 
the formula of oenanthole ought to be doubled, and this substance 
considered as a sort of ether, €23 H28 II,,, 0 + TI33O3, 

whereby the formation of oenanthylic acid by the action of potassa, 
or hydrochloric acid, might be ex])lained. 

Tilley(3) likewise found Bussy's formula of oenanthole to be 
correct, and its boiling-point to be 155®; he observed that this 
substance became brown and acid, after lengthened ebullition, its 
boiling-point rising at the same time.—When oenanthole is added, 
drop by drop, to strong nitric acid, it is violently acted upon, the 
acid retains oenanthylic, caproic, and oxalic acids in solution, a 
mixture of oenanthylic and caproic acids, and nitracrole distilling 


(1) Ana.,'Ch4 Pharm. LXI, 38. • • 

(2) Phil. Mag. [8] XXJCIII, 8l; Ann. Ch. Pharm. LXVII, 105 ; J. Pr. Cheih. XLV, 
306; J. Pharin. [3] XV, 237 (in ahstr.) 


OBniin- 

tlinle. 


p p 2 



(Enan- 

thole 


. 436 ORGANIC CHEMISTRY. 

over. Tho latter substance was discovered by Ttcdtenbacher, 
among the products of decomposition of choloidic acid, by nitric 
acid; it may be separated from the distillate, obtained by the action 
of nitric acid upon cenanthole, by the addition of water, in heavy 
dropsf which unite to a colourless fluid, of a penetrating and irri¬ 
tating odour; on heating it with water to 100'^, it is decomposed 
into nitrous acid and another substance, called by Redtenbacher 
cholacrolc, which is a clear yellowish liquid, possessing, likewise, an 
intense odour when concentrated, and having, according to Red- 
ten bachcr, the composition CgH5N2 0j3; it imparts a yellow 
colour to solution of potassa, forming with it crystals of nitro- 
cholatc of potassa, KO, C2Njn09 (discovered by Rcdtenbacher), 
while a heavy oil remains.—The production of oenanthylic and 
caproic acids, by the action of nitric acid upon eenanthole, was con¬ 
firmed by the analysis of the baryta-salts, BaO, Hjg 0.j, and 
BaO, Cjg Hjj O3.—^Tilley obtained oenanthylic acid by the action of 
fused potassa, as w^ell as of an aqueous solution of the alkali upon 
oenanthole. On distilling the residuary oil, obtained in the latter 
case, with water, it passes over slowly, as a colourless liquid, pos¬ 
sessing a feeble odour of lemons; it boils at 220”, undergoing 
partial decoinjiosition; it is only slightly soluble in water, but dissolves 
in all proportions in alcohol and ether; it bums with a bright flame, 
and has the formula, ; Tilley calls it hydride of mnanthyl. 

The decomposition of oenanthole, by an aqueous solution of potassa, 
into oenanthylic acid and hydride of oenanthyl, is expressed by the 
equation : 3 (Cj^ II, 4 Og) = C,^ + 2 0). Hydride of 

oenanthyl yields, with nitric acid, oenanthylic acid, and, on being 
heated with potassa, oenanthylic acid and a pifbh-like substance, 
while hydrogen is liberated.—By the action of ammonia-gas on 
oenanthole, omanthyl-ammania is produced; if sulphurous acid be 
passed through a solution of this compound in strong alcohol, 
mlphite of (Biitmthyl-ammoma, Cj^HjgO, SOg + NH^O, SO2, sepa¬ 
rates as a white crystalline powder (or upon employing a more 
dilute solution, in small distinct prisms]; it is quite analogous to 
the sulphite of aldehyde-ammonia, discovered by Rcdtenbacher. 
Sulphite of oenanthyl-ammonia is slightly soluble in alcohol and 
water; when heated, it fuses, and white vapours are evolved, after 
which it blackens, and bums with a flame. It is gradually decom¬ 
posed by contact with wjiter, in the cold, and more rapidly when 
heat is ap])lied, oenanthole being liberated, and bisulphite of am¬ 
monia remaining in solution; this decomposition proceeds still more 
rapidly in the presence of acids. 
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DoeffUntstriiin-oii, —Scliarliiig(l) has investigated the train-oil of 
the bottle-nose-whale of the Faroe Islands (the BaJeena rostrata of 
Chemnitz, the hyperodon of later authors). This train-oil is a 
better fuel for lamps than the common train-oil, and has the 
spec. grav. 0’868. It may be freed from its bad odour by cx- 
posui’e, in contact with water, to the solar rays, by agitatibn with 
thin milk of lime, or by solution in boiling alcohol (1 part dis¬ 
solving 4 part of the oil, 1 pai’t of alcohol at 37® dissolving 
part). ,It absorbs oxygen, and becomes thereby heavier and more 
viscous. It is darkened and soon rendered solid by nitrons acid; 
on treating it then with alcohol, a crystalline substance, more 
difficultly soluble, may be separated, which dissolves in 10 times 
its weight of boiling alcohol, and fuses at 32®. At 8® this train- 
oil becomes turbid, and at a few degrees above 0®, it forms a 
semi-fluid mass. By exposing it for a lengthened period to a 
temperature of — 8®, and allowing the more fusible portion to 
flow off at gradually increased temperatures, a fat was finally ob¬ 
tained which fused at 24®, and contained amongst other substances 
some spermaceti; the fat was saponified, the soda compound ex¬ 
hausted with ether, and a silver-salt prepared from the residue, 
which had the composition AgO, Cg^ Il^g 0^. 

The principal mass of the train-oil consists of an oleic acid, 
which, according to Scharling, differs somewhat from common 
oleic acid. The train-oil was boiled with protoxide of lead and 
water, by which a compound was obtained, one portion of which 
was soluble, the other insoluble in ether. The insoluble portion 
yielded a fatty mass, consisting, for the greater part, of a sub¬ 
stance fusing at 49®; and likewise of another body, in small quan¬ 
tity, which was decomposed at 100®, without fusing. The soluble 
portion, when treated with hydrosulphuric acid, yielded an acid 
wliicb remained solid at a ’ few degrees above 0®, and fused at 
16® tt) a clear yellow liquid, which reddened litmus-paper. Schar¬ 
ling assigns to this acid the formula C^g ligg O4, to the baryta- 
salt BaO, Cgg Hgj Og, aud to its combination with oxide of ethyl 
C4 Hg 0, Cgg Ilgg Og j he calls it doiglic acid .—On rapidly dis¬ 
tilling doegling train-oil, there remains only a very slight residue; 
carbonic acid, cEU’burettcd hydrogen, and a very small quantity 
of acrolein are disengaged; the distillate is a bright fluid, con¬ 
sisting principally of several hydrocarbons. By digestion of this 


( 1 ) Vrom Trier’s Arcliiv. for Phaiin. og tcchnisk Choin. I, in J, Pr. Chcui. 
Xmi, 257. 
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product with carbonate of soda, rectification in a water-bath, desicca¬ 
tion with chloride of calcium, and redistillation over potassium, a 
liquid was obtained of the composition which was found 

to have the density of vapour 5*8 which (assuming a condensation' 
to 2 volumes) corresponds exactly with the calculated number. 
Scharling has given the name, dcpff/ic oandey to a compound of 
3 cqs. of this hydrocarbon with 1 eq. of water; according to him, 
pure doeglingtrain-oil may be considered as doeglate of dceglic 
oxide. 

Add from Bdien-oii. —Walter(l) had stated that the bchen-oil 
(from M&ringa aptera) contains, besides margaric and some stearic 
acid, a peculiar solid acid, behenic acid Hgj, O4, fusing at 53“, and 
also a peculiar liquid substance, moringic acid, C30 H2g O4, solidifying 
at 0®. Vblcker(3) found in bchen-oil (from Moringa oleifera), 
amongst other acidwS, one fusing at 60® (named by him behenic 
acid); he investigated its combinations with baryta, soda, oxide of 
ethyl and protoxide of lead, and likewise the acid in the crys¬ 
talline state, to which he assigned the formula C42 H42 
Strecker(3) has, however, shown that the results obtained by the 
analysis of the three first named compounds, and of the crystal¬ 
lized acid, agree better with the formula C44O4. 

Examination of the Fuel from an ancient Lamp. — Braconnot(l<) 
examined the fuel found in an antique lamp, probably of the 
4th century. It was partially soluble in boiling alcohol of 0-959® 
spec. grav.; the solution deposited, on cooling, a substance in 
white flakes, fusing at 64®, (probably cerin) which admitted of 
being partially saponified with potassa, and yielded a product from 
which margaratc of potassa was extracted by dieohol in the cold; 
a white residue being left, which correspouded in its properties with 
cerain. The alcohol employed retained a substance in solution, 
which was obtained upon evaporation as a white, hai*d, brittle 
mass, fusing at 51®; its alcoholic solution reddened litmus-paper, 
and deposited, on slow evaporation, small granular crystals; Bra- 
con not calls this substance cerantic acid .—^The portion of the 
original substance which was insoluble in alcohol, contained my- 
ricin. 

(1) Compt. Rend. XXII, 1143; Ann. Ch. Fharm. LX, 271; Berzelius' Jahresber. 
XXVll, 429. 

( 2 ) Scheikund. Onderzock. Ill, 545 ; J. Pr. Chcra. XXXIX, 351 5 Ann. Ch. Pharm. 
I.XIV,342; Berzelius' Jahresber. XXVII, 427. 

Aim. CU. Pharm. LXIV, 346. 

(4^ Aim. Ch. Phys. [3] XXI, 484. 
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Fatty Sulistance ft>om tbe Body of a putilfled Animals —Gregoi*y(r) 
investigated the fatty mass, into which the body of a pig had from the 
been converted, with disappearance'of the bones, by burial in a putrified 
damp soil for the space of fifteen years. The substance was of 
a waxy nature; different portions yielded unequal amounts of ash 
(from 1*5 to 3’5 per cent — carbonate of lime); the mass con¬ 
sisted of about i of stearic acid, and | of margaric and oleic 
acids. 

Action of Sulphur and Heat upon Fatty Oils.— ^Anderson(2) has 
examined the products of decomposition obtained, by heat, from 
fatty oils in contact with sulphur. On warming a fatty oil with 
sulphur, the latter fuses, and is dissolved by degrees in the fat, 
forming a thick dark-red fluid. On increasing the temperature, 
a violent reaction ensues, much hydrosulphuric is evolved, while 
the viscous fluid strongly intumesces. On allowing the mixture 
to cool at this point, it solidifies to a tenacious* stiff mass; on 
a farther application of heat, the disengagement of hydrosul¬ 
phuric acid recommences and an oil of a garlic odour distils 
over. Stearic acid, when heated with sulphur, does not yield this 
volatile product,, oleic acid, however, does so; in the distillation 
of the latter, or of almond-oil, with sulphur, the last portions 
that passed over contained margaric* acid, which was not the case 
when oleic acid was distilled by itself; the formation of margaric 
aeid was proved by the analysis of the substance itself, and of 
its combinations with protoxide of silver and oxide of ethyl. In 
order to obtain larger quantities of the oil which distilled over 
along with margaric acid, Anderson treated linseed-oil with sul¬ 
phur in the following manner: the oil was heated with a little 
sulphur in a spacious retort until the reaction commenced, sulphur 
was then introduced in small doses into the mixture through 
a tube fixed in the retort, the fire being at the same time so 
regulated, that the liquid in the retort did not become too thick, 
by insufficient application of heat, or the reaction too violent, from 
the employment of too high a temperatui'e. The 'oil, which passed 
over, commenced to boil at 7'!’^, its boiling point rising continually. 

For the production of a purer substance, Anderson availed him¬ 
self of the property possessed by this oil of forming precipi- 


(1) Ann. Ch. Phatm. LXI, 362. 

(2) Transact, of the Royal Soc. of Edhilmrgli, XVI, 363 ; Phil. Mag. [3] XXXI, 161j 
Ann. Ch. Vharin. liXIII, 370 ; J. Pr. Chem. XLII, 1; Ann. Uh. Phys. [3] XXI, 492; 
J. Pharin. [3] XII, 369 (in ahstr.) 
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"iSphu? protochloride of mercury and bichloride of platinum.— 

ujoi^ftltty ' white precipitate, obtained by alcoholic solutiona of the 
oil and of protochloride of mercuiy, was washed with ether and 
boiled with alcohol, in which it was somewhat soluble, being de¬ 
posited from the hot, filtered solution, in the form of a white 
crystalline powder of nacreous lustre. The composition of this 
powder was found to be expressed by Cjg IIjo Sg Ilg^^ Clg; An - 
derson assigns to it the rational formula (C^ Hg Sj + Hg^ 
CI2) + (Cg Hg S2 -f Hga S), considering the compound Cg Ilg 
(which he terms odrayl, from do/ui/, odour) to be analogous with 
allyl. On submitting this mercury-compound, suspended in 
water, to a current of hydrosulphuric acid, it blackened, a 
peculiar odour was evolved, and, on subsequent distillation, an oil, 
floating on water, passed over, which,' when dissolved in alcohol, 
yielded, with protochloride of mercury, a precipitate similar to that 
from which it had been obtained. Anderson considers this sub¬ 
stance to be probably the bisulphide of odmyl, Cg Hg Sg.—The 
alcoholic solution of the first-mentioned oil yielded, with bichloride 
of platinum, a yellow precipitate, gradually increasing in quantity, 
the composition and properties of which, varied according as the 
more or less volatile portion of the oil had been employed in the 
preparation. The composition of the precipitate, obtained with the 
most volatile portion, corresponded approximately to the formula 
Cjg H,g Sg Pt2 CI2 (the amounts of chlorine and sulphur were not 
d(jtermincd). 

Adds of Fir Resin.— In the first investigation of pinic and 
sylvic acids, the formula II32 0^ was assigned to them by 

H. lloae(l) j sylvic acid was afterwards shown by H. Tromms- 
dorff(2), and pinic acid by Liebig(3) to’*»have the formula 
C4Q H30 0^, which was confirmed by Laurent(4). The latter 
chemist subsequently fouud(5) an acid, contained in the resin of 
pimis maritimaf which he called pimaric acid, to be possessed of 
the same composition. He stated, that it was transformed,- by 
distillation in vacuOj into another acid, pyromaric acid, without 
being altered in' composition; and that, when left to itself, it 
changed to another isomeric modification, amorphous pimaric 
acid. The formula MO, Ilgg O4 has been assigned to the, 

salts of these acids; this does not however agree with the views of 


(1) Pogg. Atm. XXXin, 33. 
t2) Awn. Ch, Phann, XUI, 169. 
(•'•rCompt. Kpnd. 1X,Y97. 


(3) Ann. Ch. Pham. XUI, 174.^ 

(4) Ann. Ch. Phya. [2] LXY, 321. 
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Laurent and Gcrhardt; the former of whom endeavoured{l) 
to correct this formula^ not so much by new analyses of, the 
salts, as by ascertaining whethdr water is or is not liberated, in 
the combination of these acids with anhydrous bases. Silvic 
or pimaric acid, freshly fused and pulverized, yielded but little 
water when heated with protoxide of lead, but op adding ether 
to the mixture, and then drying at 140°, water was disengaged 
iu the proportion of 1 HO to 1 eq. of acid; for which reason 
Laurent has adopted the formula MO, Hjg O3, for the salts 
of these acids. He likewise satisfied himself that pyromaric acid, 
formerly considered by him as a peculiar acid, is in fact identicid 
with silvic acid; and observed that the yesin^hich exudes from 
the Pirns maritimaf after separation of the oil of turpentine by 
heat, is but a mixture of eilvic and pimaric acids, and also that 
crystallized pimaric acid changes, in the .course of time, into the 
amorphous or pinic acid, while the fused acid did not undergo 
any modification. In his investigation of pimaric acid, Laurent 
had assigned the name azomaric acid to the substance produced 
by the lengthened action of nitric acid on pimaric acid; on re¬ 
peating lus experiment (boiling, however, only seven or eight 
minutes with nitric acid, washing the product with water, dissolving 
it in alcohol and reprecipitating with water), he obtained a yellow 
amorphous, resinous substance, fusing with simultaneous decom- 
I)osition, and having the same compo’sition as azomaric acid; he 
has now adopted the formula C40 H^g Ng Ojg for this substance. 
The ammonia-salt of this acid is very soluble, and dries up to 
au orange-coloured mass. The salt of protoxide of lead, 2 FbO, 
C,jfl H24 Ng 0,4, explodes feebly when heated. From this circum¬ 
stance, and because the salts of this acid are of a yellow colour, 
Laurent assumes the nitrogen to exist in this substance as hypo- 
nitric acid, and its proper formula to be C^q Il^g, 2 (NO4) O3. 

Researches an the Anacardtum Fruit. —The kidney-shaped nut, 
known as the cashu-nut, or mahogany-nut, {noix d^acajou) descend- 

(1) Ann. Ch. Phys. [3] XXII, 459; Ann. Ch. Phavm. LXVIII, 335; J. Pr. Chem. 
XLV, 61.—Strecker (Ann. Ch. Pharm. LXWIII, 338) believes that pimaric add 
also might be identical with pyromaric or sylvic acid, since they arc simjilar in nearly 
all their properties, the only differences, pointed out by Laurent, being that 
pyromaric gave, with acetate of protoxide of lead, a crystalline precipitate, while that 
formed by pimaric acid was amorphous, and that the acids, examined microscopically, 
had different crystalline forms. That the latter fact can he no reason for regariling 
pimaric acid a^ different from pyromaric or sylvic acid is evident, since pyromaric and 
sylvic adds were at first considered, by Laurent, as different, fntm the same circum¬ 
stance, but are now recognised by him as identical. 
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ing from Anacardium or Cassuvium oecideniale, contains, enclosed 
in its pericarp, a brown, balsamic substance, of a sharp, burning 
taste, and producing inflammation on the skin. 

This balsamic substance has been accurately examined by Stade- 
ler(l). It is easily obtained, as a red-brown, almost inodorous 
liquid, resembling Peruvian balsam, by exhausting the crushed shells 
with ether, distilling oflF the latter from the clear extract and washing 
the resulting residue repeatedly with water, by which some tannic 
acid is removed. The product obtained amounts to about ^ the 
weight of the shells. It is easily soluble in alcohol and ether, the 
solutions reddening litmus-paper; it contains, besides a small quan¬ 
tity of ammonia and colouring substances which may be extracted 
by acids, two peculiar bodies; a fatty, crystallizablc acid, anacardic 
acid, and an oily substance, called condole (from anacardium and 
oleum), which produces inflammation and blisters on the skin. 

Anacardic Acid.— Anaeardic acid is separated from the cardole by 
digesting the alcoholic solution of the mixture with freshly precipi¬ 
tated hydrate of protoxide of lead, which retains the acid along with 
a product of decomposition, while cardole only remains in solution. 
The lead-compound, after washing with strong alcohol, is stirred up 
with water to a kind of milk, and digested with sulphide of ammo¬ 
nium. The resulting anacardatc of ammonia is now decanted from 
the protosulpbide of lead and decomposed with dilute sulphuric 
acid, which separates anacardic acid as a soft mass, solidifying in the 
cold. It is washed repeatedly with water and dissolved in alcohol; 
the moderately concentrated, coloured solution is then mixed with 
water, until it is rendered permanently turbid, upon which it is heated 
to ebullition, and tribasic acetate of protoxide of lead added, drop 
by drop, until the colouring matter, together "With some anacardic 
acid is separated in dark, oleaginous drops. After the lapse of twelve 
hours, the clear fluid, having been poured off, is boiled for a short 
time with freshly precipitated carbonate of baryta; the resulting 
clear and colourless solution of anacardic acid is decanted after stand¬ 
ing twelve hours, mixed with strong alcohol, and finally precipitated, 
at the boiling temperature, with an alcoholic solution of acetate of 
protoxide of lead. The white pulverulent anacardate of protoxide of 
lead, after being washed, is suspended in alcohol and decomposed by 
hydrosulphuric acid, or still better, by sulphuric acid; (unless 
alcohol be employed in the prepttration cH' adipardate of lead, the 

(1) Ann. Ch. Pharm. LXIII, 137; J. Pr. Cheni. XLllI, 250 (in abstr.)} Chcni. Ga/. 
1848, 29, 58 ; J. Pharm. [3] XIII, 457. 
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precipitate is formed in flakes, and is difficult to purify by washing). 
The alcohol being distilled off, anacardic acid separates, on. addition 
of water, in an oleaginous state, becoming cryst^line after the com¬ 
plete evaporation of the alcohol.—It is thus obtained as a white, 
crystalline, inodorous mass, of a feebly aromatic, and afterwards 
burning taste; it fuses at 26^ and solidifies again only slowly; at 
100”, it has a peculiar odour and is decomposed at 200^ into liquid 
products, that have not been farther examined. It produces oily 
stains on paper; it liquefies gradually ill the air, emitting an odour 
of rancid fat. Its alcoholic and ethereal solutions redden litmus- 
paper. 

Stadelcr found its composition to be expressed by the formula 
lljj 2 O 7 . The analyses of the salts of baryta and protoxide of 
lead showed it to be bibasic, its true formula, therefore, being 
2 HO, C,, H. 3 , O 5 . 

Anacardic acid forms with bases, compounds, some of which are 
crystalline, others amorphous; the neutral salts contain 2 eqs. of 
base, and the acid salts 1 eq. of base and 1 eq. of water. Most 
of them are partially decomposed at 100 ”. Stadeler has examined 
the following: anacardate of potassa and of ammonia; these are 
amorphous, saponaceous, soluble in water and separable from their 
solutions by salts. The add potassa-salt has the formula KO, liO, 
Hgy O 5 .—Afiacardate of lime^ 2 CaO, Hgy O 5 + 2 HO, and 
anacardate of baryta, 2 BaO, H30 O5, are white precipitates, 
becoming brown on desiccation .—Anacardate of sesquioadde of iron, 
2 Fcg O 3 , 3 H 30 Og + Fcg 0^ 3 HO+ 6 HO, is obtained, as a dark- 

brown, resinous precipitate, insoluble in water and alcohol, but 
soluble in ether, by mixing alcoholic solutions of sesquichloride of 
iron and of the acid, and adding ammonia, drop by drop. By neu¬ 
tralising the acid with ammonia, salts more basic are obtained.— 
The sdts of protoxides of nickel and iron are white, the salt of 
protoxide of cobalt is violet .—Anacardate of protoxide of lead, 
2 PbO, C ,|4 II 30 O 5 , is obtained by mixing hot alcoholic solutions of 
the acid and acetate of protoxide of lead, in the form of a white 
granular precipitate, becoming yellow and rancid in course of time, 
A double salt, anacardate and acetate of protoxide of lead, is formed 
upon mixing the alcoholic solution of this acid, containing eardole in 
admixture, first with water until turbidity ensues, and then with an 
alcoholic solution of acetate of protoxide of lead. It is amorphous, 
but, on being digested for a lengthened period with alcohol contain¬ 
ing acetic acid, it is deposited in laminsc, resembling cholesterin. 
The analysis of this compound led to the formula, PbO, H^ 0^+. 
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Anwnrdic pjjO, HO, C 44 H 30 O 5 . It is insoluble in water; upon being boiled, 
it splits up into acetic acid and tbe neutral salt; ether dissolves out 
the acid salt, leaving the acetate of protoxide of lead .—Amcardate 
of protoxide of silver, AgO, HO, Hg^ O 5 , is a white pulveralent 
substance, soluble in alcohol, and decomposed at 130®.—By treating 
anacardic acid with nitric acid, it appears to yield the same products 
as other fatty acids, namely, suberic and butyric acids. 

Cardoie. —Cardole is contained, as above stated, in the liquid from 
which anacardic acid has been removed by hydrate of protoxide of 
lead. The solution contains, besides cardole, some of its products of 
oxidation, in combination with ammonia. In order to obtain this sub¬ 
stance pure, the solution is boiled with a little hydrate of protoxide of 
lead, filtered, and the alcohol distilled oflF. The dark sherry-coloured 
residue is cardole, not perfectly pure. Its concentrated solution is now 
mixed with water until it becomes turbid, an aqueous solution of 
acetate of protoxide of lead is then added, upon which the mixture is 
heated to ebullition, and mixed with tribasic acetate of protoxide of 
l^d, drop by drop, until the fluid has become almost colourless. The 
excess of lead is precipitated from the decolourized solution by sul¬ 
phuric acid, a portion of the alcohol is removed by distillation, and tluj 
concentrated liquid mixed with water, upon which cardole separates. 
It is a yellow liquid, appearing of a reddish colour when in large 
quantities, and probably colourless when pure; when heated it acquires 
a slight and agreeable odour. Its spec. grav. is 0‘978 at 23". It is 
insoluble in water, easily soluble in alcohol and ether, non-volatile, 
inflammable, and absorbs oxygen slowly when .exposed to the air, or 
more rapidly in the presence of tribasic acetate of protoxide of lead, 
becoming thereby dark. Its analysis leads to the formula Hgj 0^. 
—Cardole combines with bases, but has only a fceD^e affinity for them; 
those metallic oxides, which part with their oxygen easily, are reduced 
on forming compounds with it. Neutral acetate of protoxide of 
lead is not precipitated by cardole; basic salts of lead yield precipi¬ 
tates easily soluble in alcohol, and becoming rapidly flesh-coloured 
and then red-brown, when exposed to the air, in the moist state. A 
carefully prepared compound of this kind was found, by analysis, 
to agree with the formula PbO, C 4 Hg Og+S PbO,- C^j, Hgj 0 ^. 
Protoxide of lead is continually removed from tliis combination, by 
washing it with water.—^By the action of nitric acid upon cardole, or 
of oxygen upon its solution in potassa, red products of oxidation arc 
obtained, containing apparently different amounts of"*oxygen. The 
analysis of the lead-compound of one of these substances, pro¬ 
duced by the continued action of air upon an alkaline solution 
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of cardolc, gave, on analysis, numbers agreeing with the formula 
3 PbO + 3 C42 H30 O7. According to this, cardole would appear to 
have parted with 1 eq. of water, and assimilated an amount of oxygen 
equal to that it originally contained. The mixture of anacardic 
acid and cardolc, extracted from the fruits of anacardium, owes its 
red colour to the presence of these products of oxidation, which are 
contained therein as ammonia-compounds; old and crippled fruit 
appears to yield more of these substances than the sound and vigorous 
specimens. 

Stadeler also brings cardole into notice as a medicinal agent; he 
states that it equals the expensive cantharadin in the rapidity of its 
action, and that the effect produced is of longer duration. For 
ntedicinal purposes, this substance is not required perfectly pure; it is 
f)nly necessary, for its preparation, to exhaust the fruit, after removal 
of the kernels, with alcohol, to digest the extract with hydrate of 
protoxide of lead, until all acid reaction has disappeared; to remove 
tlie alcohol from the filtrate by distillation and to mix the residue with 
water in a cylindrical vessel, when the cardole will separate as an oily 
layer on the surface of the liquid.—On spreading a little cardole on 
the skin, f. i., of the chest, and covering the spot with some blotting- 
papc’i’, a violent burning sensation will be felt, after from three to 
seven minutes; a white spot is first formed, and after from six to 
eight hours, a blister, which heals slowly and without any disagree¬ 
able consequences. 

Uric Acid. —In a former investigation of uric acid and its com¬ 
pounds with bases, Bensch(l) showed that this acid is represented 
by the rational formula HO, C5 H O^, and that it forms neutral 
salts with potassa and soda, in which the water of hydration in the 
acid is replaced by 1 eq. of alkali; he determined, moreover, by accu¬ 
rate experiments the composition and the solubility of a scries of 
acid urates. He has now continued this investigation in conjunc¬ 
tion with J. Allan(2), and has succeeded in preparing also the 
neutral compounds of uric acid witti the alkaline earths and likewise 
with protoxide of lead. We give here the results of these researches 

in a synoptical form (U=C5 H N3O3). 


Cardole. 


(1) Ann. Cb. Phann. LIV, 189. 


(2) Ibid. LXV, 181. 
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Uric acid. 


Neutral potassa-salt. KO, U 

Acid potassa-salt . . KO, 2 U, 110 
Neutr. so(la> 8 alt at 140" NaO, U 

Add soda-salt at 100 " . NaO, 2 U, 2 110 

„ „ „ 170". NaO, 2U, no 

Acid ammonia-salt . . NH 40 ,21J, IIO 
Acid magncs.-salt at 100" MgO, 2 U, 7 HO 
„ „ „ 170" MgO, 2 U, 2 IIO 

Neutral lime-salt . . CaO, U 

Acid lime-salt . . . CaO, 2 U, 3 IIO 


Neutral strontia-salt. . 
Add strontia-salt, . >. 
Neutral baryta-salt . . 

„ „ at 170" 

Acid baryta-salt . . . 
Neutr. lead-salt . . . 
Add Icad-sait .... 


SrO, U, 2110 
SrO, 2U,3II0 
BaO, U, HO 
BaO, U 
BaO, 2 U, 3 HO 
PbO, U 

Pbo, 2 u, 2 no 


Copper-salt dried over 

SO 3 .3Cu0,2U,5110 

„ „ at 140“ 3CuO,2U,21IO 


1 part of the following^ salts requires for solution as an average : 


• 

Cold. 

BoUg. 

Uric acid. 

. 14500 

1850 

Neutral urate of potassa . 

44 

35 

Acid „ „ ,, . 

. 790 

75 

Neutral urate of soda . . 

77 

85 

Acid „ ,, „ . 

. 1150 

122 

Acid urate of ammouia . 

. 1600 

— 


Neutral urate of baryta 

Cold. 

. 7900 

Boilg. 

2^700 

Acid ,, i, » • 

. insol. 

insol. 

Neutral urate of strontia 

. 4300 

1790 

Acid ,, f, . . 

. 5300 

2300 

Neutral urate of lime . 

. 1500 

1440 

Acid ,1 ,, ■ « 

. 603 

276 

Acid urate of magnesia 

. 3750 

160 


Neutral urate of potassa separates in fine crystalline needles when 
potassa, free from carbonic acid, is saturated in the cold with uric acid, 
and evaporated in a retort j it is caustic to the taste, attracts car¬ 
bonic acid from the air, and is decomposed by boiling with water.— 
The corresponding soda-salt is obtained in hard warty crystals 
by a similar process.—^The acid potassa- or soda-salt precipitates 
when carbonic acid is passed into a solution of uric acid in 
caustic alkali. Both are perfectly neutral, and do not absorb car¬ 
bonic acid i their solutions are precipitated by chloride of ammo¬ 
nium and the bicarbonates of the alkalies, by salts of baryta, 
protoxide of lead and protoxide of silver.— NUhtral urate of am¬ 
monia does not appear to exist; Bensch and Allan always ob¬ 
tained an acid salt, presenting itself sometimes in the form of a 
white, hard,' amorphous mass, sometimes in fine needle-shaped 
crystals, which dried up to a l%ht powder. By long boiling with 
water, which is frequently renewed, it is decomposed with loss of 
the whole of its ammonia. Dry uric acid docs not increase in 
weight in an atmosphere of dry ammoniacal gas; if, however, 
the acid be evaporated with an excess of ammonia-solution it tak(;s 
up just as much < of the latter (100 parts of acid 10’17 ammonia) 
as corresponds to the acid salt.—The preparation of neutral urate 
of magnesia^ as well as of double salts thereof with the ammonia- 
potassa- or soda-salt could not be effected, a mixture of the acid 
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salt with hydrate of magnesia being always obtained. AtM urate 
of magnesia separates after several hours in warty groups of 
satiny crystals, on mixing a hot saturated solution of the acid 
potassa-salt with sulphate of magnesia.— Neutral urate of lime, 
baryta and strontia may be readily obtained in a state of perfect 
purity by boiling the aqueous solutions of these bases with uric 
acid, or by mixing their soluble salts with neutral urate of potassa, 
with the precaution, however, of boiling the solution of the latter 
salt previously with a small quantity of the baryta- strontia- 
or lime-salt employed, and filtering off the resulting precipitate 
which consists chiefly of carbonate of the alkaline earth. These 
neutral urates are either crystallized in stellar groups of needles 
(strontia-salt), or they form opaque, granular masses devoid of crys¬ 
talline structure (baryta- and lime-salt); they are not decomposed by 
water, their solutions have an alkaline reaction, and readily absorb 
carbonic acid from the atmosphere. The acid salts of the same 
bases are amorphous precipitates, which are formed by mixing 
acid urate of potassa with the soluble salts of the alkaline earths. 
—Neutral urate of protoxide of lead is obtained as a perfectly 
white, amorphous precipitate, insoluble in water and alcohol, by 
dropping a dilute solution of neutral urate of potassa into a 
likewise dilute boiling solution of nitrate of protoxide of lead, 
with the precaution of filtering off the yellow precipitate which 
is first formed. With acetate of lead a compound containing 
acetic acid is obtained.—-The acid urate of protoxide of lead is 
a white, friable powder, insoluble in water, alcohol and ether. 
Its existence speaks much in favour of the bibasic nature of uric 
acid, whose true formula would then be 2 HO, Cjo N, H, O,.- 
The copper-salt, precipitated on mixing the acid potassa-salt with 
sulphate of protoxide of copper, is green and contains potassa, 
w'hiclj is separated only on ebullition in the form of the acid salt j 
by boiling, the copper-salt turns brown, and by drying, violet.— 
Neutral urates with heavy metallic oxides other than protoxide 
of lead cannot be obtained pure; salts of protoxide of silver 
produce immediately a black precipitate with neutral urate of 
potassa. 

Decomposition of IJrlo Acid by Ferrlcyanlde of Potassium and 
Potassa.— Schlieper(l) has published investigations upon the oxida¬ 
tion of uric acid by means of ferricyanide of potassium and potassa. 
To a lukewarm solution of uric acid in an • amount of solu- 


Uric acid. 


(1) Ann. Ch. Pharm. LXVII, 214; Chem. Gaz. 1849,1. 
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Decompo- 
■Uioo (ft 
uric acid 
by ferri- 
cyanlde of 
potassium 
and po- 
tassa. 


tion of potassa somewhat larger than necessary for the formation of 
neutral urate of potassa (2 KO, Cjo 0^), alternately ferri- 
cyanidc of potassium (which is directly converted into ferrocyanide 
of potassium) and potassa, were gradually added until a complete 
decomposition of the uric acid was effected. Addition of potassa 
is necessary to reconvert the acid urate of potassa, which sepa¬ 
rates, into the neutral salt which is more soluble. The resulting 
alkaline liquid, smelling feebly, of ammonia, and containing along 
with an excess of potassa, feri’ocyanide of potassium and the product 
"^f decomposition of uric acid, was almost perfectly neutralized 
with sulphuric acid, (wdicn much carbonic acid was evolved), and 
evaporated by boiling (when the odour of ammonia was .constantly 
perceived). The greater part of the ferrocyanide of potassium 
being thus separated by crystallizat'ion, the remaining mother- 
liquor was farther evaporated, and treated with alcohol, by wliieh 
ferrocyanide of potassium and sulphate of potassa were thrown down. 
The precipitated salt-mass, repeatedly boiled out with alcohol, 
yielded a solution from which crystalline crusts of an organic 
compound were separated on evaporation, a viscid potassa-syrup 
remaining behind, which even after long standing exhibited only 
traces of an indefinite crystalline appearance.—Another portion of 
uric acid was treated in a similai’ manner, wuth the difference 
only that the product was neutralized with acetic instead of sul¬ 
phuric acid; after the greater portion of the ferrocyanide of 
potassium had been separated by crystallization, the renmiiiiiig 
mother-liquor was precipitated with alcohol; the alcoholic filtrate 
in this instance gave no crystals, but only the viscid syrup, 
from which the acetate of potassa which it contained was 
removed by treatment with absolute alcohol. *The residuary salt- 
mass, insoluble in alcohol, was now dissolved in water^ the 
solution, heated, and the fen’oeyanide of potassium precipi|ated 
by sh^t excess of acetate of copper; in the filtered solu- 
tiort A precipitate of neutral o3falate,’'of potassa was produced on 
addition of alcohol.—The above-mentioned crystalline organic com¬ 
pound, after having been purified by recrystallization from water, was 
foudd to be allantoin both by its reactions and by analysis.—The 
viscid syrup readily dissolved in water, and was repreeipitated from 
this solution by d&solute alcohol, in the form of white flakes, which, 
after separation fronj^,the liquid, i^uickly deliquesced when exposed 
to the air.. The aqueous solution was treated with acetate of protox- 
l^dr^*^^hp.resultipg oxalate filtered off, when upon addition 
ot ammoniw free from carbonic acid, a white, curdy, lead-compound 
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was thrown down, containing variable proportions of lead, in which ^“lon of* 
(when dried at 100®), an organic compound is present, having the 
composition Cg Ng H4 Og. To this substance Schlieper gives the 
name, lantanuric acid. If the syrup be dissolved in a small 
amount of water, sufficient spirit of wine being added to cause a 
slight turbidity which is again redissolved on addition of a few 
drops of water, crystalline crusts are very slowly separated from 
this liquid, which ceases to have an acid reaction; w^hen purified by * 
re-crystallization, they were found to be acid lantanurate of potassa, 

KO, C<5 Ng Ofl -b HO, Ca H, 0^ + 4 HO, (4 HO arc evolved at^ ' 
100®). Lantanurate of protoxide of silver appears to be decomposed 
by drying at 100®, 3 HO being evolved from the acid j the salt 
becomes converted into AgO, Cg Nj H O3. 

Schlieper considers alantoin and carbonic acid as the essential 
products of decomposition of uric acid when treated with ferricyanide 
of potassium and potassa. 2 equivs. of uric acid (C^o H4 OJ, 

2 equivs. of ferricyanide of potassium, 4 equivs. of potassa, and 
2 equivs. of water, yield 4 equivs. of feiTocyanide of potassium, 

2 equivs. of carbonate of potassa and 2 equivs. of allantoin. Urea, 
which he once found in small quantity among the products of decom¬ 
position, and a red body adhering strongly to the allantoin, he 
considers as secondary products. 

If allantoin be allowed to remain some time (one or two days) 
dissolved in concentrated potassa, it ceases to be precipitated by 
acids; when boiled, the solution yields only a very small quantity of 
ammonia and no trace of oxalic acid. 2 equivs. of allantoin have 
assimilated 2 equivs of water, and become converted into an acid, 
hidantoic acid. The alkaline solution, when treated with acetic acid 
until it assumes an acid reaction, and subsequently with alcohol, 
becomes milky, hidantoate of potassa being separated as a colourless 
oily fluid; this salt could not be obtained in the crystalline state.— 

The liquid supersaturated, as above mentioned, with acetic acid, 
yields with acetate of protoxide of lead, after a short time^ a white 
precipitate, having, when dried at 100®, the composition PbO, 

Cg Nj Hg Og. The acid separated from the lead-salt .by hydro- 
sulphuric acid, was likewise uncrystallizable; it could be obtained 
only in the form of a S3rrup, which, on addition of alcohol, is con¬ 
verted to a white, friable, readily deliquescent mass; the evaporated 
acid, when treated with cold potassa-solution, evolves ammonia; 
it yields no precipitate with baryta- and lime-w^ater, but upon 
addition of alcohol, thick white flakes are separated; wh^ neu¬ 
tralized with ammonia, it gives with chloride o£»barinm 'a white 

VOL. I. GO 
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”«??.*** precipitate; hidantoic acid does not expel carbonic acid from carbo¬ 
nate of soda; on heating a solution of the acid in ammonia, the 
latter is evolved on evaporation in the water-bath; hence the acid 
is decomposed during evaporation, as was afterwards confirmed 
by the analysis of a silver-salt prepared with such an acid (which 
contained 2 Ag to 6 N). 

Hippnric Add.— ^For the rapid preparation of hippuric acid, Gre- 
' gory(l) recommends to treat fresh urine of horses or cows with an 
excess of milk of lime, to strain, after a few moments* ebullition, the 
hot liquid, to reduce by boiling the clear solution of hippurates 
as quickly as possible to from to (according to the concentra¬ 
tion of the urine) of its original volume, and to supersaturate with 
hydrochloric acid; after cooling, a considerable crystallization of 
reddish or yellowish hippuric acid is obtained. (Experiments made 
in the Giessen laboratory have proved this process to be very 
excellent). 

According to Strecker(2), a solution of hippuric acid in concen¬ 
trated nitric acid, when treated with binoxidc of nitrogen, evolves 
nitrogen, the acid C|a Hj, being obtained, of which hippuric acid 
may be considered to be the amidogen-compound. The acid thus 
prepared, containing no nitrogen, dissolves readily in ether; the 
baryta-salt crystallizes in satiny needles, readily soluble in w^ater; 
the silver-salt, AgO, Cja O^, dissolves pretty freely in boiling 
water and crystallizes, on cooling, in fine needles; when subjected 
to the action of heat, it evolves oil of bitter almonds. 


Amides, Nitriles, Anilides, and Collateral Matters. We 

here arrange, in a separate chapter, a class of citnpounds which may 
be considered as derived from ammonia, or organic bases, by the 
elimination of water. Thus, the amides (salts of oxide of ammonium 
— 2 HO), and the nitriles (salts of oxide of ammonium — 4 HO), 
are derived from ammonia-compounds; corresponding derivatives 
have been obtained from aniline and uaphthalidine. 

Amides; Pbosphamide. —Incidentally to H. Rose's investigation 
of a compound of phosphorus with nitrogen, Liebig and Wohler(3) 
published some observations upon the products of the action of 


(1) Chem. Soc. Mem. Ill, 330; Phfl. Mag. [3] XXXI, 127; Ann. Ch. Pharm. 
LXIII, 125; J. Pr. Chem. XLII, 40. 

(2) Ann. Ch. Pham. LXVIII, 54. 

(3) Ibid. XI, 139.' . 
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ammonia-gas on pentachloride of phosphorus as tffe results of a **^j’j*" 
fragmentary investigation, which, without claiming any degree of 
accuracy, were nevertheless calculated to afford some assistance to 
future inquirers. They found that one of the products thus obtained, 
when treated with water, yielded as residue an insoluble body, whose 
composition is expressed by the formula P N.2 O2, and that, 

together with this compound, another* product, of the appearance of 
camphor, was always produced.—Gerhardt(l) regards the product, 
which is insoluble in water, as P N2 Hg Og (which formula, excepting 
hydrogen, requires almost exactly the same percentage as Lie^g 
and Wohler^s formula P Ng Hg Og), i. e., as a compound wmch 
stands in a similar relation to phosphate of ammonia as do the amides 
to the salts of ammonia (2 NH^ 0, HO, PO5 — 6 HO=P Ng Hg Og); 
and hence the name which he proposes, phosphamide. The forma¬ 
tion of the camphor-like body is not explained by Gerhardt^s mode 
of viewing; he considers its production as accidental and imma¬ 
terial.—In support of his view, Gerhardt(2) adduces that, the body 
which he regards as phosphamide, completely dissolves in dilute 
sulphuric acid when gently heated, without evolution of gas, and that 
the thick syrupy solution yields crystals of bisulphate of ammonia, 
while the mother-liquor contains phosphoric acid. 

suiinioearbamide. —If bisulphide of carbon be placed in contact 
with a large mass of ammonia-gas, the bottom of the vessel, accord¬ 
ing to Laurent(3), will be covered, within twenty-four hours, with a 
yellow deposit, which, when observed under the microscope, is 
resolved into a mixture of crystalline needles, and a yellow amor¬ 
phous substance. By the action of heat, this mixture evolves hydro- 
sulphuric acid and several other substances; when dissolved in 
water and treated with hydrochloric acid, to expel the hydrosulphuric 
acid, it assumes a blood-red colour with sesquichloride of iron. 
Laurent concludes, that bisulphide of carbon gives with ammonia 
hydrosulphuric acid and sulphocarbamide, identical with hydrosulpho- 
cyanic acid (2 CSg ■+• NHg =s 2 HS + Cg N Sg H); the hydrosulpho- 
cyanic acid yields with ammonia, sulphocyanidc of ammonium, while 
hydrosulphuric acid combines either with ammonia or with bisul¬ 
phide of carbon and ammonia, to form hydrothiocarbonatc of am¬ 
monia (sulphocarbonate of ammonia). 


(1) Ann. Ch. Phys. [3] XYIII, 188; comp. Berzelius’ Jahresber. XXVII, 44. 

( 2 ) Ibid. XX, 255; J. Pharra. [3] XI, 457. 

(3) Ibid. XXII, 103; J. Pr. Chem. XLIV, 162. 
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Metnc^a- 
mlde, me 
tamide, 
Valera, 
mlde. 


metacetamld^, Acetamide, Talcramide.—^Dumas, Malagiiti and 
Leblanc(l) found, that metacctonate of oxide of ethyl, in contact 
with liquid ammonia, is quickly converted into metacetamide. Aceta¬ 
mide, C4 Hg N Og, was obtained in a similar manner from acetic 
ether; it is solid, white, crystalline, and deliquescent, fusible at 78®, 
and yields, on cooling, beautiful crystals •, it boils at 321®. Vale- 
ramide is prepared in the same manner as butyramide(2). They find 
that the amides of the acids C„ O4, when acted upon by potas¬ 
sium at a gentle heat, give rise to an evolution of gas and to the 
fomation of cyanide of potassium. With regard to this reaction, 
they remark that these amides, Og N, may be viewed as con¬ 

sisting of hydrocyanic acid, 11, N, and an alcohol, C„_2 Hq Og; 
they did not succeed, however, in proving the pre-existence, f. i., 
of pyroxylic spirit in acetamide. The amides of other acids, f. i., 
benzamide and cuminamide, yield no cyanide of potassium when 
treated with potassium at their fusing temperature. The formation 
of cyanide of potassium in the decomposition of benzamide by means 
of potassium, as observed by Liebig and Wohler, they consider as 
the result of a secondary reaction.—At a later pci’iod(3), they 
communicated the fact that the conversion of ethers into amides, 
which in many cases is extremely slow, when taking place at the 
common temperature, may be remarkably accelerated by performing 
the experiment in sealed tubes, at a temperature higher than 100®. 

Chlurucartoettaamlde, Chloracetamide. — According to Gcr- 
hardt(4), chlorocarbethamide, produced by the action of. ammo¬ 
nia upon chlorinated carbonic ether, whose composition, according 
to Malaguti's(5) investigation, is represented by the formula 
Cio Hg Cly Ng O3, is, in all its properties (the composition, however, 
was not examined), identical with chloracetamide^he states that the 
former likewise has the composition Hg Clg N Og. Malaguti's 

(1) Corapt. Rend. XXV, 656. 

(2) Dessaignes and Chautard communicate, tluit in a mixture of valerianic ether 
with seven or eight times its volume of concentrated solution of ammonia, which was 
frequently agitated, the ether disappeared after four summer-months. By evaporation 
at a gentle heat, valeramidc. Cm Hi, N O 2 , was obtmned in long, ddicate, brilliant, crys¬ 
talline plates. Valeramide, according to their statements, is readily soluble in water, 
fusible above 100**, subliming almost completely at the same temperature; only by 
boiling with caustic potas'sa, is ammonia evolved from it. (J. Pharm. [3] XllI, 244; 
J. Pr. Chem. XLV, 48; Ann. Ch. Pharm. LXVIII, 333.)—A. "W. Hofmann obtained 
valeramide in the same manner (Ann. Ch, Pharm. LXV, 56). 

(3) Compt. Rend. XXV, 734. 

(4) Ibid. XXII, 116; J. Pharm. [3] XIV, 233. 

(5) Comp. Berzelius’ Jahresber. XXVI, 760. 
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chlorocarbcthamate of ammonia, for which he found the com¬ 
position, NHj 0, Cjo Hg CI7 Nj Oj, according to Gerhardt, is 
NO, Cj CI3 63, chloracetate of ammonia.—^Malaguti(l) admits 
that chlorocarbethamide, prepared by means of aqueous ammonia, 
is identical with chloracetamide, but not the substance obtained by 
ammoniacal gas, whose composition, however, might be represented 
by the formula, Cjo Hg CI7 Nj O4. Malaguti states that he also 
found that the product obtained by the action of ammonia upon 
chlorinated oxalic ether, and named chloroxcthamide, is likewise 
chloracetamide, and expresses the opinion, that although all co|p- 
pound ethers whose hydrogen is entirely replaced by chlorine, when 
treated with aqueous ammonia, will probably yield chloracetamide, 
some of them, when acted upon by anhydrous ammonia, give rise to 
the formation of other products.—Gerhardt(3) has now found that 
chlorocarbethamide, even when obtained by anhydrous ammonia, 
has the same properties as chloracetamide. 

Anisamidc. —According to Cahours(3), chloride of anisyl (p.413), 
when in contact with ammonia-gas, evolves much heat, and yields 
anisamide, which crystallizes from alcohol in beautiful prisms. It 
is likewise obtained by the treatment of anisic ether with ammonia. 
Its composition is C^g Hg N 0,^. 

Cuniiiiamide.— According to Field(4), a solution of cuminic acid 
in strong liquid ammonia, when evaporated to dryness and heated, 
evolves ammonia, while cuminic acid sublimes, another portion of 
the salt being converted, with separation of water, into a white 
crystalline body, diflScultly soluble in water, and subsequently into 
an oil (cumonitrilc, comp. p. 458), which has a very powerful odour, 
(by experience only, the temperature can be so regulated as to 
produce the one or the other of these' two bodies). The white 
crystalline body is cuminamidef CggHjg N 03 = NH4 0, CggHuOa 
— 2 HO. It may be likewise obtained by gradually heating cunii- 
nate of ammonia in a strong, sealed, glass tube, in an oil-bath, to 
near the boiling-point of the oil; when cold, the mass is solid and 
crystalline, insoluble in cold water and ammonia, but very soluble in 
hot water, from which solution it crystallizes on cooling. By 
rccrystallization from hot water (to which some ammonia is added. 


(1) Conipt. Rend. XXVII, 188; J. Pharm. [3] XIV, 289. 

(2) Ibid. XXVII, 238; J. Pham. [3] XIV, 291. 

(3) Log. cit. p. 452. ‘ 

(4) Chcin. Soc. Mem. Ill, 404} Pbil. Mag. [3] XXXI, 459; Ann. Cb. Pharm. LXV, 
45; J. I’r. Chem. XLIV, 136; J. Pharm. [3] XIII, 225. 
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in order to remove traces of cuminic acid which may be present) 
cuminamidc, when rwidly separated from a concentrated sulation, 
is obtained in brillianx^ white, tubular crystals, similar to those of 
benzamide j when crystallized slowly from a dilute solution, it 
presents the form of long, opaque needles. It is soluble in every 
proportion in cold and warm alcohol, and is decomposed only with 
difficulty, by long ebullition with mineral acids, or strong potassa- 
solution, like the amides in general. 

Nitrobenzaniide. —By long fusion of nitrobenzoate of ammonia, 
Field obtained a substance, insoluble in cold water and ammonia, 
but crystallizing from its solution in hot water, in beautiful yellow 
needles, w^hich was found to be nitrobenzamidef Hg (NOJ NO 2 . 
The fusion must be conducted with great care, for nitrobenzoate 
of ammonia readily explodes when strongly heated. 

Chioroiieiizamide. —A cblorobenzoic acid, of uncertain composi¬ 
tion, containing cither, HO, C, ^ H 3 Clg O,, or HO, Ilg CI 3 O 3 , 
when converted into an ammonia-salt, and then treated in the manner 
above-mentioned, yielded to Field a product insoluble in cold water 
and ammonia, and crystallizing from the hot aqueous solution in 
long needles; chlorobenzoic acid, HO,Cj^H^ClO 3 , prepared on 
purpose, when combined with ammonia and heated, blackened, with 
separation of carbon. 

On chloroniceamidc, comp. p. 407. 

phtaiamic Acid.— ^According to Marignac(l), anhydrous phtalic 
acid (C 10 H^ Og), when acted upon by ammonia is converted 
into phtalamide (Cjg ITg NO 5 ). llespccting this reaction, Lau- 
rent(2) makes the following observations. If anhydrous phtalic 
acid be dissolved in hot alcohol, and then treated with ammonia, 
small, colourless prisms separate on cooling,’* 1 vhosc ends arc ter¬ 
minated by two planes; they are readily soluble in water, when 
dissolved in a small portion of that solvent, mixed with alcohol, 
and subsequently with bichloride of platinum, a precipitate of 
bichloride of platinum and ammonium is formed immediately; the 
filtered solution, when boiled with excess of bichloride of platinum, 
yields an additional precipitate of the platinum-salt. The above- 
mentioned crystals are the ammonia-salt of a new acid, phtaiamic 
acid, and have the composition, 0 , C^g HgNOg; the first preci¬ 
pitate produced by bichloride of platinum, contains the ammonia 
of the salt, and only upon ebullition the nitrogen of the acid is 


(1) Aim. ('h. I'harm. XLII, 21.'); Berzeliua’ Jahreaber. XXIII, 542. 

(2) Ann. Ch. Phys. [3] XXIII, 117; J. Pr. Chew. XLV, 174. 
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likewise separated in the form of the ammonium double compound. 
If phtalamate of ammonia be precipitated with acetate of protoxide of 
lead, and the precipitate decomposed by l^drosulphuric acid, the 
liquid, when evaporated, yields crystals of biphtaJamate of am¬ 
monia ; hence, phtalamic acid, Cjj N Og, absorbs, during eva¬ 
poration, 2 equivB. of water. By addition of a concentrated 
solution of nitrate of protoxide of silver to a boiling alcoholic 
solution of phtalamate of ammonia, a large quantity of fine 
needles of phtalamate of protoxide of silver, AgO, Cjg Hg NOg, 
are formed, after some minutes; by boiling water these crystals 
are decomposed with formation of brilliant plates, which Laurent 


considers to be phtalamide silver-ammonium Cjg 



If nitrate of silver be added to a boiling alcoholic solution of phtala¬ 
mide, no precipitate is formed; but after addition of ammonia a 
precipitate is produced, sometimes crystallizing in plates, and some¬ 
times in the form of a powder; this latter compound Laurent 
believes to be phtalimide-silver (C,g Ag N O4,. 

Action of Hyarosnliiliuric Acid on Hydramldes. —The experiments 
of Liebig and Wohler upon the action of hydrosulphuric acid on 
aldehyde-ammonia (comp, thialdine) induced Cahour8(l) to in¬ 


vestigate' the deportment of this acid with the class of compounds 


designated by Gerhardt, as hydraniides.—If a current of hydro- 
sulphuric acid be passed through an alcoholic solution of hydro- 
benzamide, the liquid becomes rapidly tm’bid, a perfect decompo¬ 
sition taking place if an excess of hydrosulphuric acid be employed; 
no sulphur, however, is deposited. The liquid when allowed to 
stand for some time becomes clear, and contains sulphide of am¬ 
monium ; the precipitate which deposits, when washed with alcohol, 
forms a white farinaceous powder, which is Laurent^s hydrosul- 
phobenzoyl [C42 H^g Ng + 8 HS = 3 (C,4 Hg S^) + 3 NH^ S].— 
When treated in a similar manner, hydrocinnamide yields a product 
C18 Hg S3 (Cahours terms it thiocinnole), and the compound 
C|g Hg $2 O2 hydranisamide (thianisole). Both have the same ap¬ 
pearance as the substance obtained from hydrobenzamide.—Fownes^ 
ibirfuramide Cgg Hjg Ng Og, yields with hydrosulphuric acid a yel¬ 
lowish powder Cjq Sj Og, which Cahours, referring to its 
analogy with furfurole (Cjo H4 OJ, has designated thiofitrfole ,— 
Hydrosalamide, in alcoholic solution, when treated Mrith hydrosul¬ 
phuric acid is converted into a similar powder, imparting a violct-red 


Phtalamic 

acid. 


(1) Compt. Rend. XXV, 457. 
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hydrosuu colour to salts of sesquioxide of iron; it is capable of combining with 
alkalies, in the same manner as hydride of salicyl (salicylous acid); 
mides. and contains a large quantity of sulphur. Cahours believes that 
it is the latter compound, in which half the oxygen is replaced 
by sulphur, Cj^ Sg Og.—Cahours recalls the fact, that Lau¬ 
rent pointed out the formation of hydrosulphobenzoyl by the 
action of sulphide of ammonium upon an alcoholic solution of oil 
of bitter almonds; he himself shows, that thiocinnole and thianisolc 
may be formed likewise by acting with sulphide of ammonium 
upon an alcoholic solution of cinnamon oil and hydride of anisyl. 
By similar treatment of cumin oil a resinous body containing 
sulphur is obtained which is difficult to purify, and whose com¬ 
position approximately corresponds to the forraula CgQ Hjg Sg. 

Nitriles. —Prankland and Kolbe(l) regard the class of bodies 
designated by the name nitriles, as cyanogen-compounds (benzo- 
nitrilc Cj 4 Hg N, f. i., as cyanide of phenyl Cjg H- Cy), in which 
the cyanogen, just as chlorine in chloride of ethyl, cannot be 
ascertained by the usual reagents. They endeavour to support their 
view by pointing out that the boiling* points of valcronitrile 
(CjQ Hg N; 125'*), and cyanide of amyl (Cjg N; 146°) differ 

by the number of degrees, characteristic of analogous substances 
exhibiting a difference of Cg Hg in their composition, and that 
hydrated metacetonic acid and cyanide of ethyl, hydrated vale¬ 
rianic acid and valcronitrile, hydrated caproic acid and cyanide of 
amyl, and, lastly, hydrated benzoic acid and benzonitrile show 
nearly the same difference in their boiling-points, , 

Acetonitrile. —^I)uma8(2) has arrived at the same view. He 
found that by the action of anhydrous phosphoric acid upon 
crystallized acetate of ammonia, a liquid pasaad over on distilla¬ 
tion, which, by digestion with a saturated solution of chloride of 
calcium and rectification over fused chloride of calcium and 
magnesia, is obtained' in a state of perfect purity; it boils 
at 77°, and is miscible with water in aU proportions. Its 
composition is Hg N {acetonitrilef acetate of oxide of ammo¬ 
nium — 4 equivs. of water); 1 equiv. of this substance in the state 
of vapour occupies 4 vols.; by its reactions it .may be regarded 
as cyanide of methyl (Cg Hg, Cg N). When boiled with a solution 
of potassa, this compound evolves ammonia, acetic acid being re¬ 
produced ; chromic acid and boiling nitric acid have no action 
upon it. Potassium, even in the cold, acts very violently upon it, 


« 


(i^ Log. gU. p. 4IS. 


(2) Compt. Rend. XXV. 383. 
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heat being evolved, while cyanide of potassium is produced, and 
an indammable gaseous mixture, consisting of carburetted hy¬ 
drogen, and free hydrogen is disengaged. Dumas mentions that 
benzonitrile, discovered by Fehling, arising from benzoate of oxide 
of ammonium, likewise by the loss of 4 equivs. of water, may 
also be prepared by distillating the benzoate with anhydrous phos¬ 
phoric acid. Dumas considered it probable, that the ammonia- 
compounds of volatile acids NH^O, C„ O 3 generally might 
give rise to the formation of ethereal cyanides 0^.2 0 , C 2 N 

from which the alcohols Cn _2 Og might be prepared (n repre¬ 
senting invariably an even number). 

ciiioracetouttriie.— Dumas has pursued this investigation in con¬ 
junction with Malaguti and Leblanc. They found(l), in the first 
place, that chloracetate of oxide of auhnoniuin, O, CI 3 O 3 , 
in an analogous manner, yields a liquid compound CI 3 N 
{chloracetonilrUe)f which has a spec. grav. of 1’444, boils at 81®, 
and in the state of vapour exhibits a condensation to 4 'vol 8 ; 
with potassa it regenerates choracetic acid; it is also produced by 
the action of anhydrous phosphoric acid upon chloracetamidc. 
Butyrate and valerianate of oxide of ammonium, by losing 4 equivs. 
of water, are converted in the same manner into analogous com¬ 
pounds, which, when treated with hydrate of potassa, again yield 
the original acids. The action of potassium gives rise to the 
formation of cyanide of potassium, ^tind a mixture of hydrogen 
with a carbohydrogen, the condensation of which increases with the 
value of n in the formula of the acid employed (the acids being 
generally represented by Cn OJ. They point out that the con¬ 
version of oxalate and formiate of oxide of ammonium into cyanogen 
and hydrocyanic acid (in both instances by elimination of 4 equivs. 
of water) are absolutely analogous cases.—Moreover(2), they have 
proved, that acetonitrile and cyanide of methyl are identical {see 
p. 421), and, that the ethereal cyanogen-compounds Hn+j, N 
when treated with hydrate of potiwsa, are decomposed not in the 
same manner as the other compound ethers, with formation of an 
alcohol (Cn 11 ^+ 202 ); but, with production of an acid Cn+gHn +204 
and evolution of ammonia. They state, in addition, that butyramide 
and benzamide, similarly to the corresponding ammonia-salts, are 
likewise converted into nitriles by the action of anhydrous phos¬ 
phoric acid, and that benzonitrile exhibits with potassium a de¬ 
portment differing from that of the nitriles of the acids Hn O 4 , 


Aceto¬ 

nitrile. 


(1) Compt. Rend. XXV, 442. 


# (2) Ibid. XXV, 473. 
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inasmuch as neither any cyanide is formed^ nor gas evolved.— 
Lastly, they have shown the conversion of acetamide, metaceta- 
mide, butyramide, and valeramide into the corresponding nitriles, 
by the action of anhydrous phosphoric acid(l). 

Butyronitrlle and Valeronltrlle, •—(Cg N), or 
cyanide of metacetyl (Cg H^, N) is an oily liquid of an agreeable 
odour, reminding one of bitter-almond-oil, of a spec. grav. 0*795 at 
12*5® and a boiling-point of 118*®5; with potassium it yields cyanide 
of potassium, hydrogen and a new carbohydrogen. Valcronitrile 
(^10 cyanide of butyryl (Cg Hg, Cg N) is identical with 

the substance first described by Schlieper under the former name, 
and comports itself with potassium similarly to the preceding com¬ 
pounds (comp, also Decomposition of casein, &c., by sulphuric acid 
and bichromate of potassa^’). 

According to A. W. Hofmann(2) nitriles are not formed on 
distillation of acetate, butyrate, or valerianate of ammonia. He 
obtained, however, butyronitrilc and valcronitrile by passing the 
vapour of butyramide and of valeramide through a red-hot tube 
filled with lime. The formation of nitriles by this method, accord¬ 
ing to Hofmann, succeeds only with difficulty, and he believes that 
Dumas^ method of preparation by means of anhydrous phos])horic 
acid is preferable.—Laurent and Chancel(3) have likewise found, 
that by passing the vapour of butyramide (Cg Hg NOg) over 
caustic baryta heated to dull redness, a transparent colourless liquid 
is obtained, which is hutyronitrile Cg H^ N. They consider this 
method of preparing the nitriles in many cases more advantageous 
than the former. Benzoate. of ammonia when treated in tliis 
manner gave only benzole. 

Cumonitriie.— If cuminate of ammonia be h^ted to fusion, and 
the melted mass retained in a state of lively ebullition, according 
to Field(4), a yellowish oil distils over with water; as soon as 
the distillation of the oil slackens, it is separated from the 
aqueous distillate, the latter returned to the residue in the 
retort, distilled again, and the process repeated several times. The 
oil thus obtained is first washed with ammonia, then with hydro¬ 
chloric acid, and lastly with water; it is then rectified with chloride 
of calcium. The distillate collected in the middle of the process. 


(1) Compt. Rend. XXV, 656. (2) Ann. Ch. Phaim. LXV, 55. 

(3) Compt. Rend. XXV, 884; J. Phann. [3] XIir,'-^4'} Ann. Ch. Pharin. LXIV. 
3 . 32 . 

Loc. dt. p. 453. 
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when heated in contaet with platinum wire, exhibited the boiling- 
point 239° at 758'5“‘" bar.; it is mmonitrUe, C^q Hu N=NH 4 0, 
C 20 Hjj O 3 — 4 HO, a colourless liquid, powerfully refracting 
light, of a strong agreeable odour, and burning taste, which is 
somewhat soluble in water, and mixes in all proportions with 
alcohol and ether. It has a spec. grav. O'765 at 14°; its vapour 
burns with a luminous flame, and deposits a large quantity of 
carbon. Strong nitric acid acts but slowly upon it; when boiled 
with it, crystals of cuminic acid separate after several days. When 
heated with potassium, the colour of cumonitnle is darkened, 
another oily compound being formed; upon treating the mass with 
water, and applying the ordinary test for cyanogen, a copious precipi¬ 
tate of Prussian blue was obtained. An alcoholic solution of potassa 
docs not immediately act upon cumonitrile, but after one or two 
days the liquid becomes solid, a crystalline mass being produced 
which is a mixture of cuminamide and cumonitrile. 

Action of HydroBuipiiurIc Add upon Benzonltrlle. —On saturating, 
according to Cahour 8 (l), an alcoholic solution of benzonitrile, con¬ 
taining some ammonia, with hydrosulphuric acid, evaporating the 
yellowish-brown liquid to ^th, and adding water, sulphur-yellow 
rtakes arc separated, crystallizing from their hot aqueous solution 
in long satiny needles. They are Cj^ H^ N S^j, or benzamide in 
which the oxygen is replaced by sulphur. When treated with pro¬ 
toxide of mercury, water, protosulphide of mercury and benzoni¬ 
trile arc formed; potassium decomposes it with formation of sul¬ 
phide and cyanide of potassium ( 2 ). 

Anilides. —In 184-6 Gcrhardt pointed out, that oxygen and 
hydrogen in the same proportion as in water may be elimmated 
from aniline-salts, a class of compounds being produced analogous to 


(1) Compt. Rend. XXVII, 239 ; J. Pr. Chem. XLV, 354. 

(2) Incidentally to these experiments, Cahonrs discusses the deportment of hydro- 
sulphuric acid with nitrogenized substances generally.—In many cases sulphur is 
precipitated, while the compound treated simply assumes hydrogen (alloXan, indigo- 
blue).—Or the separation of sulphur is attended by assimilation of hydrogen, and 
elimination of water (formation of organic bases, and amidogen-acids, by the action 
of hydrosulphuric acid on neritral or acid substitution-products, containing NO 4 instead 
of II).—In other coses, along'with water, nitrogen is separated in the form of sulphide 
of ammonium, while organic bases, containing sulphur, are formed (thialdine).—Or the 
whole of the nitrogen is converted into sulphide of ammonium, while neutral sulphur- 
bodies are generated (action of hydrosulphuric acid upon bydramides).—Or lastly, 
hydrosulphuric acid is directly absorbed, compounds being formed, which cosrespoud 
in their composition to the amides (action of hydrosulphuric acids upon the nitriles). 


Cumo- 
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the amides^ and which has been designated by the name anilides. 
Researches upon these compounds have been published during 
1847 and 1848, by Laurent, and jointly with him by Gerhardt. 

Chiorocfaniiide.—- Laurent(l) found, that by treating powdered 
solid chloride of cyanogen with aniline, in the presence of some 
warm water, and so much alcohol as is necessary to dissolve the 
aniline, a white precipitate of chlorocyanilide is immediately formed, 
insoluble in water, and crystallizing from hot alcohol in brilliant 
plates. Its composition is C 30 Cl Og. 

Cg N 3 CI 3 + 4 C ,3 II 7 N = Cju H ,3 Cl Nj + 2 (C ,3 II 3 N, IICl) 

» -V . * t-y- 1 I. I y .. t V- ^ - J 

Chloride Auiline. Chlorocyanilide. llydrochloratc 
of cyanogen. of aniline. 

Hence its formation is similar to that of chlorocyanamidc. Chloro- 
cyanilidc is not volatile without the action of heat, it liquifieiR, and 
solidifies on cooling to a crystalline mass; when heated more 
strongly, it loses 11*8 per cent of hydrochloric acid becoming 
gradually less liquid, vesicular, and solidifying ultimately to a mass 
presenting an appearance similar to that of dried albumin. Lau¬ 
rent considers this tpmsparent, greenish residue, to be C 30 IT^, Ng 
(the formation of this compound presupposes the evolution of 12'2 
per cent of hydi*ochloric acid). Chlorocyanilide dissolves slowly in 
boiling potassaj from the solution nitric acid precipitates a white 
flaky body, insoluble in ammonia, but soluble in hot dilute nitric 
acid, and separating from this solution on cooling in the form of a 
jelly. Laurent considers this body as Cg^ H 13 Ng 0^ (analysis, how¬ 
ever, gave 2 per cent of carbon less than this formula requires,) and 
believes that its formation is analogous to that of chlorocyanamidc. 

FiuosiUcaniiide. —Laurent farther states, thatmccording to expe¬ 
riments made by himself and Delbos, aniline absorbs terfluoride of 
silicium (59’5 aniline absorb 40*5 of gas), a slightly yellowish mass 
being produced, which, exhausted by boiling spirit, pressed and dried 
at 100 *^, may be sublimed by a slow heat, as a light white crust. 
This sublimate was found to contain 39*5 per cent of carbon, and 
4*4 per cent of hydrogen; when mixed with protoxide of lead, 
moistened and heated, and strongly ignited, after addition of a few 
drops of nitric acid, 1 part of sublimate caused an increase of 0*422 
in the weight of the protoxide of lead. Laurent considers this 
sublimate as C^g H 33 Flu Si^ Og; he believes, that 


(1) Ann. Ch. Phyg. [3] XXII, 97; J. Pr. Chem. XLIV, 157. 
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it forms with the co-operation of the water of the aqueous spirit, 
with which the direct product of the reaction w'as treated; he 
remarks, however, himself, that the product sublimes also before 
treatment with spirits of wine, when, in his opinion, it is not as 
yet converted into fluosilicanilide. This compound is slightly soluble 
in boiling alcohol, from which it is deposited in small very brilliant 
plates. 

The rest of Laurent's paper is devoted to considerations of the 
constitution and the chemical character of this and similar com¬ 
pounds, and to proposals of an appropriate nomenclature. 

Investigations made by Gerhardt and Laurent(l) of the anilides, 
have led to the following results. 

oxaniiide.—Oxanilide(2), the compound corresponding to oxamide, 
had been previously prepared by Gerhardt. 

oxaftiic Acid. —Gerhardt and Laurent now endeavoured to form 
omnilic acidy the compound corresponding to oxamic acid. This 
succeeds easily by fusing aniline with a large excess of oxalic acid, 
and heating the mixture strongly for eight or ten minutes; on boiling 
the mass with water, and filtering, coloured cmtals of oxanilate of 
aniline arc deposited from the filtrate, while oxnllide remains on the 
filter; the mother-liquor contains an excess of oxalic acid, a certain 
amount of oxanilic acid, or oxanilate of aniline, and some formani- 
lide. The crystals which have been first deposited are brown, and 
rcthin this colour even after two or three recrystallizations. To 
])repare from these crystals pure oxanilic acid, they are boiled with 
baryta-water; the oxanilate of baryta, which is formed after cooling, 
is washed with cold, and dissolved in boiling water, and decomposed 
with dilute sulphuric acid, an excess being carefully avoided; the 
filtrate, on being concentrated, deposits beautiful plates of oxanilic 
acid. This acid may be obtained also by dissolving crystals of 
oxanilate of aniline in ammonia, adding chloride of barium to the 
cold solution, and proceeding as just indicated; another method 
consists in decomposing the lime-salt (prepared by adding chlo¬ 
ride of calcium to the ammonia-salt, boiling, and allowing it to 
crystallize), by means of a mixture of sulphuric acid and alcohol. 
—Crystallized oxanilic acid contains CijHyNOg (= Cjj N, 


FlaoBllIc 

anilide. 


(1) Ann. Ch. Phys. [3] XXIV, 163; Ann. Cli. Pharm. LXVIII, 15; Compt. Rend. 
XXVII, 13,165 (in abstr.); Instit. 1848, 221; J. Phann. [3] XIV, 130. 

(2) A. W. Hofmann has applied to the salts of aniline the method which has been 
used in preparing the nitriles (page 457). In treating oxaniiide with anhydrous phos¬ 
phoric acid, he obtained a small quantity of a compound, which he^ believes to be 
cyanogen with the adjunct H^. (Ann. Ch. Pharm. LXV, 56). 
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HO, Cj O 34 - HO, Cg O 3 — 2 HO = binoxalate of aniline — 2 HO); 
it is slightly soluble in cold, but dissolves easily in boiling water 
and in alcohol ; the solution reddens litmus. Oxanilic acid is not 
decomposed by ebullition of the aqueous solution j concentrated 
aqueous potassa gradually decomposes it into aniline, which is 
separated, and oxsdic acid (this effect Ss not produced by ammonia); 
when treated with hydrochloric, or dilute sulphuric acid, oxanilic 
acid yields an aniline>salt, oxalic acid being set free; when heated 
it disengages water, and a mixture of carbonic acid, and carbonic 
oxide, perfectly pure oxanilide remaining behind ( 0 ,^ H^ NC) 6 =HO 
H-CO + COg + Ci^HgN Og).—^The oxanilates are isomeric with the 
isatates; they are, however, colourless, but disengage aniline like 
the former, when heated with hydrate of potassa; a partial decom¬ 
position ensues, even on ebullition with aqueous potassa, or with 
concentrated acids.— Oxanilate of ammonia^ NH^O, Cjgl|jfN Or,, 
is easily obtained in beautiful plates, resembling oxanilic acid, which 
are but slightly soluble in cold water, or in alcohol, but dissolve 
easily on ebullition; treated with hydrochloric acid, and recrystal- 
lizcd, this salt yields tufts of binoxanilate of ammoma(l), which arc 
slightly soluble iflUiold water. Both ammonia-salts are decom¬ 
posed on heating (the former at 190”), with evolution first of 
ammonia, then of a mixture of carbonic acid and carbonic oxide, 
together witK some aniline, a residue of oxanilide being left.— 
Binoxanilate of anilinef Cjg H^ N, 2 HO, 2 H^ N O 5 , prepared'by 
the above method, becomes colourless only after repeated crystal¬ 
lizations, when spiral, felted, lustreless needles are obtained, 
sbghtly soluble in cold water, but easily soluble in hot water, form¬ 
ing a very acid solution; on addition of hydrochloric acid to this 
solution, no oxanilic acid is precipitated, the sdihe acid salt crystal¬ 
lizing invariably from the solution; when heated it is decomposed, 
yielding aniline, and the products of decomposition of oxanilic acid. 
—A solution of oxanilate of ammonia gives, with nitrate of pro¬ 
toxide of silver, oxanilate of protoxide of eilv&Tf as a white crystal- 


(I) This paper affords to Gerhardt and Laurent an opportunity of repeating their 
opinion, previously enunciated, that in introducing the notion “ Monobasic aud bibasic 
acids," no definite characteristics of these acids had been indicated. In their opinion, 
monobasic adds are not capable of forming amidogen- and ether-acids; they cannot be 
converted into anhydrides (so-called anhydrous acids), and yield only neutral amides 
and ethers, 1 vol. whose vapour contains the dements of 1 vol. of alcohol-vapour. 
Bibasic adds are those which, in addition with neutral ethers and amidogen-compounds, 
are likewise capable of formirij^ amidogen- and ether-aj^s as well as anhydrides; 1 vol. 
of vipoar of these ethers contains the elements of 2 irols. of alcohol-vapour. 
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line precipitate, insoluble in cold, but soluble in boiling water; the 
solution deposits, on cooling, plates of an indistinct form. Con¬ 
centrated solutions of oxanilatc of ammonia, and chloride of calcium, 
give a precipitate of oxanilate of lime, which is soluble in boiling 
water, and crystallizes from this solution in tufts. Oxanilate of 
baryta is obtained in a similar manner by chloride of barium; a 
boiling solution deposits small brilliant plates, exhibiting rhombic 
forms under the microscope. The silver-, lime-, and baryta-salts 
(the lime-salt was very strongly dried) are represented by the 
formula, MO, Cj^IIgNOg. 

oxaiuranuiae. —Laurent and Gerhardt are of opinion that 
oxaluric acid, obtained by Wohler and Liebig, in their investiga¬ 
tions of uric acid, has a constitution analogous to that of the 
amidogen-, or anilidogen-acids, inasmuch as it contains the elements 
of bino5[alate of urea —2 HO, and actually yields, on ebullition, 
oxalic acid and urea; urea, accordingly, would present a deportment 
similar to that of ammonia and aniline, and the term urides might 
be applied to the compounds analogous to the amides and anilides. 
Parabanic acid, in their opinion, is no acid, but stands to oxaluric 
acid (which is known to arise from parabanic i«iid by the assimila¬ 
tion of water) in tljje relation which exists between camphorimide, 
and camphoramic acid. They find this, view confirmed by the rapid 
conversion of parabanic acid into oxaluranilide. Finely powdered 
parabanic acid, when slightly heated with dry aniline, directly 
yielded a crystalline mass, no water being evolved; the product 
was boiled with albohol, to dissolve out aniline and parabanic acid, 
which might have escaped the action, when difficultly soluble oxalu¬ 
ranilide remained behind. When washed and dried, this substance 
is a white crystalline powder, which, under the microscope, is 
resolved into ne^les, exhibiting slightly the lustre of mother-of- 
pearl, and containing, Cjg H,, N 3 0„ (= H^ N + Ng 0^, 
aniline + parabanic acid). Oxaluranilide is formed also, by adding 
aniline to a boiling solution of parabanic acid, when, after a few 
seconds, it separates as crystalline flakes; it is inodorous and taste¬ 
less, insoluble in boiling water, and almost insoluble in boiling 
alcohol; when heated, it fuses, and is decomposed, at a still higher 
temperature, with evolution of pungent vapours, in which hydro¬ 
cyanic acid may be recognized; when gently heated with hydrate of 
potassa, it disengages aniline and ammonia. Oxaluranilide dissolves 
easily in concentrated sulphuric acid; the solution evolves, on appli¬ 
cation of heat, carbonic oxide and carbonic aqid, without blackening; 
the residuaiy mixture, fhen exposed to moist air, deposits, after 
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ntie'luci some time, crystals of bisulphate of ammonia, whose mother-liquor, 
MI- dilution with water, and addition of chromic acid, exhibits the 
reddish-brown colouration, characteristic of sulphanilic acid. 


cinaullic 
acid and 
siiccinanl 
Ude. 


C,s Hg Na Og + 2 (HO, SO 3 ) = C^ lli Ng 0.> + 2 CO + 2 COg + C ,2 H, N S 3 Og 
^ __ Zf '--- * 


Oxaluranilide. 


Urea. 


Sulphanilic acid. 
C, II 4 Nj O 2 + 2 no = 2 CO., + 2 NH 3 . 


Succlnanlle, Succlnanillc Acid, and Succlnanlllde.— A mixture of 
water, succinic acid, and aniline, yields easily succinate of aniline, crys¬ 
tallizing in beautiful, slightly rose-coloured needles (oblique rectangular 
prisms), which arc readily soluble in water and alcohol. If powdered 
succime acid be treated with dry aniline, the mixture fuses gradually, 
water and an excess of aniline being evolved; the mass, after having 
been in a state of fusion for eight or ten minutes, solidifies, after 
cooling, into an aggregate of spherically-grouped needles. This 
product is treated with a considerable quantity of boiling water, 
which dissolves the larger portion, and deposits, on cooling, colour¬ 
less plates of suecinanile; the residue remaining after treatment 
with water is succinanilide. —Suecinanile, when crystallized from 
alcohol, presents itself in form of long felted needles j it contains 
C 20 Hg N 0, (= Hy N, HO, C, O 3 + Ha C, Os - ^ ^0, 

bisuccinate of aniline — 4 HO), and stands to aniline in the same 
relation as d'Arcet^s bisuccinamide (succinimide) to ammonia ; 
suecinanile fuses at 155°, it is insoluble in cold water, easily soluble in 
alcohol and ether; an aqueous solution of potassa does not act upon 
it, with solid hydrate of potassa, however, it evolves at once aniline; 
it is readily soluble in nitric and hydrochloric acids; when heated 
it appears to sublime without decomposition. When boiled with 
an aqueous solution of ammonia, succinanil?* is converted into 
sucdnmilic acid; for this purpose it is dissolved in dilute boiling 
ammonia, to which some* alcohol has been added. On boiling this 
solution, until the latter be expelled, and neutralizing with nitric 
acid, long plates of succinanilic acid arc deposited on cooling, which 
may be purified by recrystallization from alcohol. The composition 
of succinanilic acid is H^^ N 0^ (suecinanile + 2 HO); it dis¬ 
solves , but slightly in cold, more readily in boiling water (the solu¬ 
tion reddening litmus), and easily in alcohol and^ether; it fuses at 
167°, and solidifies with crystalline texture; when exposed to a higher 
temperatufe it is decomposed into water and suecinanile, which 
sublimes. Succinanilic acid is readili^ soluble in potassa, (when 
fused with potassa it disengages aniline) and in ammonia; siiccin- 
anilate of ammonia crystallizes but very fndistinctly; it is easily 
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soluble in water, yielding a solution, which is not precipitated by 
chloride of calcium, and scarcely troubled by chloride of barium. 
With a dilute solution no precipitate whatever takes place; succin- 
aiiilate of baryta being easily soluble, especially in boiling water. 
Nitrate of protoxide of silver gives, with succinanilate of ammonia, 
a white precipitate of succinanilate of silver (AgO, C 20 Hjo NOg), 
which is insoluble in water; with the sulphates of the protoxide? 
of iron and copper, respectively, a whitish-yellow and a blue pre¬ 
cipitate is produced. Frotn the soluble succinanilates c^stalline 
succinanilic acid is precipitated oh addition of mineral acids. 

aiicctnaniiiiic.— Sucdnariilide (see p. 461) is easily soluble in 
boiling alcohol; the solution deposits small needles, which contain 
Cjg Hg NOg = (C 12 II7 N, HO, —3 HO, succinate of aniline 

— 2 IIO); it fuses only.at 320®, -is insoluble in water, but dissolves 
readily in alcohol and ether; when fused with potasaa it disengages 
aniline. 

Siuberaniliae and Suberanlllc Acid. —On heating a mixture *of 
water, aniline and suberic.acid, no action takes place; on fusing, 
however, a mixture of about equal volumes of dry aniline and 
fused suberic acid, water is disengaged, while the acid dissolves. 
On exposing the mixture for about ten minutes to a tem¬ 
perature closely approaching its boiling-point, and adding ah- 
equal volume of alcohol, a liquid is obtained, which readily soli¬ 
dities to a ciystalline mass. The whole is now dissolved in boil¬ 
ing alcohol, from which, on cooling, scales of suberanilide are 
separated, exhibiting the lustre of mother-of-pcarl; the separa¬ 
tion of this substance is promoted by the addition of w'ater, the 
mother-liquor retains suderanilic acid. Suberanilide appears under 
the microscope in form of rectangular scales; it is insoluble in 
water, slightly soluble in cold alcohol, but readily in Soiling 
alcohol and ether.. Its composition is Hj^ N O 2 = (C^g Hy N, 
HO, Cg Hg O 3 — 2 HO, suberate of aniline — 2 HO). It fuses at 
183®; ammonia or boiling potassa-solution have no effect upon it'; 
when fused with solid hydrate of potassa it disengages aniline;-- 
when distilled it yields an oil which solidities on cooling| a slight 
residue of carbon remaining behind.— Suberanilic acid is obtained 
by evaporating the Alcoholic solution, which was mentioned above, 
when after expulsion of the j^lcohol a brownish oil is separated, 
which solidities on cooling. -^It is purified by dissolving in boiling 
aqueous ammonia; the suberanilate of ammonia, when de^mposed 
with hydrochloric acid, yields the acid colourless; from the boiling 
solution it separates as a slightly coloured oil, which solidities on 
VOL. I. H II 
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cooling. It presents itself in small plates, exhibiting no regular 
form, not even under the microscope, and has the composition 
C 28 N Og = (C 12 Hy N, 2 HO, 2 Hg O 3 —2 HO, bisuberate of 
aniline — 2 HO); it fuses at 128*’, and solidifies with crystalline 
texture, it is insoluble in cold water, and dissolves but very little 
in boiling water, which assumes an acid reaction; it is readily 
soluble in ether. When fused with hydrate of potassa it disen¬ 
gages aniline, when distilled it yields a thick oily substance, which 
partly solidifies on cooling, a considerable residue of carbon re¬ 
maining behind. (The distillate contains aniline; which may be 
removed by ether, when a white powder, probably suheranUe is 
left, which dissolves in much boiling alcohol or ether, from which 
solutions it is deposited in crystals; it is insoluble in boiling potassa- 
or ammonia-solution, and is decomposed by fusion with hydrate of 
potassa, when aniline is evolved). Subcranilate of ammonia crys¬ 
tallizes in small grains, which are pretty soluble in water; the 
solution is not coloured by chloride of lime; it gives with nitrate 
of protoxide of silver a white precipitate of suberanilatc of protoxide 
of silver (AgO, Cgg Hjg NOg), which is insoluble in water, and 
turns rapidly violet when exposed to the light; with chloride of 
calcium, chloride of barium and lead-salts, white precipitates are 
produced, with salts of protoxides of copper and iron, respectively 
a light-blue, and a whitish-yellow salt is fonned. 

Pbtalaniie and Piitaianlilo Acid.— Dry aniline comports itself with 
phtalic acid, as does ammonia. On fusing a mixture of phtalic acid 
and aniline, a crystalline mass is obtained on cooling, which is 
powdered and purified by treatment with boiling alcohol, when 
phtalanile (corresponding to phtalimide) is laft, as a crystalline 
powder; it is still farther purified by distilling, and dissolving the 
distillate in boiling alcohol, from which beautiful needles of phtala¬ 
nile are deposited. It contains Hg N = (C 12 Hy N, 2 HO, 
CjgH 4 0g — 4 HO, biphtalate of aniline —4 HO), fuses at 203", 
and sublimes, even before fusion, in splendid needles. It is insolu¬ 
ble in water; when fused with hydrate of potassa, it yields aniline. 
On boiling with aqueous ammonia, to which some alco^l has been 
added, the ebullition being continued for some time, even after 
solution has taken place, and neutralizing the li<|uid, while still hot, 
with nitrie acid, phtalanilic acid is separated in thin plates; it con¬ 
tains CggH^jN Og (phtalanile + 2 HO), and is insoluble in cold, 
more soluble in boiling water, the solution assuming an acid reac¬ 
tion, and easily soluble in alcohol and ether. Phtalanilic acid fuses 
at 192", but even at this temperature phtalanile is evolved. Phtala- 
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nilatc of ammonia yields white precipitates with nitrate of protoxide 
of silver, and acetate of protoxide of lead; the solution is not changed 
by chloride of calcium, or nitrate of baryta; when fused with hydrate 
of potassa, phtalanilic acid disengages aniline. 

Camphoranlle and Camphoraullic Acid. —Aniline, and so called 
anhydrous cam^oric acid, do not combine in the cold; on heating, 
a product is obtained, which solidifies into a glacial mass, insoluble 
in alcohol; when treated with a boiling solution of ammonia 
cumphoranilic acid is dissolved, camphoranile remaining behind.— 
The latter (corresponding to camphorimide) is deposited, from an 
ethereal solution, in needles, which appear to be volatile, without 
decomposition; they contain C 33 Hjg N 0.j = (Cjg N, 2 HO, 
2 C 10 H 7 O 3 — 4 HO, bicamphorate of aniline —4 HO). It fuses 
at 116“, it is insoluble in cold, slightly spluble in boiling water, 
easily soluble in alcohol and ether. The solution in much water, 
to which some alcohol hs^ been added, deposits brilliant needles, 
sometimes of an inch in length. The same solution, when neutra¬ 
lized with ammonia, yields, with nitrate of protoxide of silver, a 
crystalline precipitate, which is probabdy caraphoranilc-protoxide of 
silver. Camphoranile is not altered by potassa-solution; fusing 
hydrate of potassa disengages aniline. It is acted upon by con¬ 
centrated ammonia, to .which some alcohol has been added; the 
solution deposits needles of camphoranilate of ammonia.—The 
ammoniacal solution of camphoranilic acid, obtained as above-stated, 
deposits, on cooling, needle-shaped crystals, which do not crystal¬ 
lize well from water. The solution, when mixed with nitric acid, 
gave a flocculent precipitate of camphoranilic acid, which, on washing 
with boiling water, was converted into a soft resinous mass. This 
mass when dissolved in ammonia and alcohol, refused to crystal¬ 
lize ; the solution, when evaporated, and mixed with water, deposited 
a portion of the acid. The resinous acid, when boiled with water, 
softens, fuses, and solidifies, with crystalline texture, after boiling 
for a considerable time; it is slightly soluble in boiling water, to 
which some alcohol has been added; on cooling, the acid is deposited 
in white needles, unless too much alcohol has been added, when it 
separates in the oily state. Camphoranilic acid thus presents itself 
in two states, the ^crystalline, and the amorphous; in both states 
it contains CggHgiNOg (camphoranile -f-2 HO). When heated, 
it is decomposed into aniline, and so called anhydrous camphoric 
acid. On treatment with concentrated sulphuric acid, carbonic 
oxide is disengaged; on fusion with hydrate of potassa, it yields 
aniline. Camphoranilate of ammonia appears to exist, likewise, 
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in the crystalline and amorphous states; its solution gives, with 
nitrate of protoxide of silver, a white precipitate of camphoranilatc of 
silver (AgO, C 32 Hgo N O 5 ), which is but slightly soluble in w'atcr. 
Chlorides of calcium and barium produce no precipitate. 

Carbanlllc or Anthranllic Acid. —The acids analogous to campho- 
raiiilic acid, contain the elements of aniline and ^f the so called 
anhydrous acid; camphoranilic acid is decomposed, accordingly, by 
heat. Fritzsche's anthranilic acid, when rapidly heated, splits into 
aniline and carbonic acid Hy N 0^=Cjg N H- 2 COg), which 
induces Laurent and Gcrhardt to consider it as an analogue of 
the acids in question, as carbanilic add. 

suiphocarbaniUde.— ^At a former period, A. W. Ilofmann(l), 
and subsequently, Laurent(2), had prepared suiphocarbaniUde 
(Cj 3 Hg N S) by the direct action of bisulphide of carbon on aniline, 
when hydrosulphuric acid is evolved (Ci 3 H,N + CS 2 =Cj 3 N S 
+ HS). The same compound, according to Hofmann, is formed 
also by the action of heat on hydrosulphocyanatc of aniline. Lau¬ 
rent and Gerhardt find that it may be likewise prepared by dis¬ 
tilling a mixture of aniline, sulphocyanide of potassium, and sul¬ 
phuric acid, w^hen sulphocarbanilide j)asses over, sulphate of ammonia 
being formed (the sulphuric acid liberates hydrosulpliocyanic acid, 
C 2 N H Sg -h 2 Ci 3 Hy N = 2 C 13 N S + NHa). The distillate is 
purified by recrystullization from alcohol. 

On evaporating an aqueous solution of hydrosulphocyanic acid 
and aniline to syrupy consistency, and treating afterwards with 
boiling alcohol, small needles, insoluble in water, are obtained on its 
cooling; they are formed, however, in so small a quantity as to pre¬ 
clude the possibility of a more minute examinalion; when heated, 
they evolve ammonia and an oil, which solidifies (sulphocarbanilide), 
only a small amount of carbon being left behind.—A mixture of 
aniline and alcohol docs not dissolve hydropcrsulphocyanic acid; 
with dry aniline, however, this acid fuses, on heating, into a mass, 
which solidifies with crystalline texture. The product is insoluble 
in water, but dissolves in boiling alcohol and ether; it is a mixture 
of sulphur and a peculiar substance, which is difficult to purify. It 
may be separated, though still contaminated with sulphur, by boiling 
with slightly alkaline water, filtering, and neutralizing with hydro¬ 
chloric acid; this substance is soluble in ]jpiling alcohol, from which 
it crystallizes on cooling; it is likewise soluble in ethclr. The nature 
of this compound is not sufficiently examined. 


(1) Ann. Ch. Piuurm. LVII, 265. 


(2) lioc. dt. p. 461. 
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Laurent and Gevhardt conclude this investigation with general 
reniarka upon the formation and the properties of the anilidogen- 
compounds, whose composition they consider as a new confirmation 
of Gcrhardt'8(l) view respecting the capacity of saturation of the 
conjugated substances, and close with a syno]>tical table containing 
the correspondi^ amides, anilides, and ethers. 


(1) The notion of “ conjugated compounds’' has been introduced into science by the 
oIiscrvatioD, that, in the formation of compounds, the chemical properties of the con¬ 
stituents are not always balanced, but that, on the contrary, the chemical character of 
one of the constituents is frequently still perceptible in the compound. Laurent and 
Gcrhardt believe that this notion is definite and unequivocal only, if conceived under 
their peculiar acceptation of the term. According to their definition, those compounds 
are conjugated which are formed by the direct union of two substances, with elimina¬ 
tion of the elements of water, and which may be reconverted again into the original 
constituents, by fixing again the elements of water; such compounds are, f. i., the 
amides, the anilides, and the various ethei'S. This definition, however, far from 
embracing the notion in the conception of science, is nothing but a formula of the 
processes of production and decomposition of a great numl^r of conjugated com- 
pniimls. Laurent and Gerhardt endeavour to express the properties of the newly- 
formed compounds by a general formula. They represent the capacity of saturation or 
the basicity B of a compound, i. e., the number of equivs. of base, which are neutralized 
by 1 eq of the compound, by the formula 13 = b + 1/— 1, in wbicli b and b' denote the 
basicity of ihe two constituents before combination took place, 0 the basicity of a neutral 
body, and 1, 2, 3, that of a monobasic, bibasic and tribasic acid. This expression tells 
us that monobasic acids can give rise to neutral ethers, amides, and anilides only, while 
bibasic acids produce neutral ether- amidogen- or auilidogen-acids.—Strecker (Ann. 
Ch. Phariu. LXVIll, 47) endeavoured to prove that Laurent and Gcrhardt’s definition 
of conjugated acids does not even embrace all those compounds, which these chemists 
consider as conjugated, while, on the other hand, it includes also a variety of substances 
wliicli, according to their professed opinions, do not belong to this class of compounds, 
lie farther showed, that in the case of various conjugated compounds, which are formed 
by the union of several equivalents of the one constituent, with one of the other, the 
formula, when directly applied, leads to erroneous data, results agreeing with experience 
being obtained only by the assumption of a succcssiic formation of the conjugated 
compounds, (namely, that 1 eq. of a substance combines with I eq of another, the com¬ 
pound thus produced with a second, &c.), and lastly, that in several cases, for which the 
assumption of such a successive formation is inadmissible (plitalanile, succinimidc, &c.), 
the calculated basicity does not agree with the result of observ^ion. He proposed, as 

expressing the basicity of a conjugated compound, the formula B » b + b" in 


which n represents the number of hydrogen-equivalents eliminated. For the validity of 
this formula he has adduced a great variety of examples.—In reply, Gerhardt (in his and 
Laurent’s Compt. Rend. de.s Trav. Cliim. 1849, 76) has endeavoured to demonstrate 
that the inferences of .his definition of the term “ conjugated compounds” need not always 
or need only partially be coufir^d by experience, that such substances (formobenzoic 
acid, f. i.) as do not agree with his formulation, should not be considered as conjugated 
compounds in his acceptation of the term; and lastly, ilmt’the results of Streckcr’s 
law of basicity altogether agree with those of his (Gerhardt’s) own, when applied in 
the maimer noticed by Strecker. Gerhardt passes in silence over those oases in which 
the inadmissibility of this application has been pointed out by the German chemist. 
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cinnanlllde. —Aniline, when mixed with chloride of cinnamyl 
(see p. 411), evolves a great deal of heat; an easily fnsiblc volatile 
substance being fonned, which crystallizes from alcohol in needles. 
According to Cahonrs(l), this substance is dnnanilide, and con¬ 
tains Cgo Hjg N Og. Whcn distilled with hydrate of potassa, it yields 
aniline and cinnamic acid. 

cumaniiide was prepared by Gahours in a similar manner, by 
acting with aniline upon chloride of curayl (see p. 410); it forms 
long needles resembling benzoic acid, and which are very difficultly 
soluble in*alcohol j they contain Cgo N Og. 

AnisanUide Cgg N O 4 was obtained by Gahours, in white 
brilliant subliming needles, by the action of aniline upon chloride 
of anisyl (see p. 413). 

NaphthaUdides. —^The preceding researches have proved, that aniline, 
similarly to ammonia, is capable of giving rise to a series of com¬ 
pounds, which may be considered as originating by elimination of 
hydrogen and oxygen from aniline-salts. Delbos( 2 ) has shown 
that naphthalidine also is capable of producing similar derivatives. 

Carbamide of Naphtbaiidlue. —Neutral oxalat^ of naphthalidine, 
when subjected to dry distillation fuses with loss of water of crystal¬ 
lization; on increasing the temperature decomposition ensues, the 
fused mass intumcsces, water, carbonic oxide and carbonic acid being 
evolved, while a mixture of naphthalidine and a compound corres¬ 
ponding to carbanilidc distils. The carbamide of naphthalidine is 
purified by boiling continuously with alcohol, when it remains un- 
dissolvcd. (A still better process consists in heating binoxalate of 
naphthalidine to complete fusion, and purifying the mass in the 
manner just indicated). Naphthalidine-carbamide is a light white 
body, rapidly assuming a red tint when exposed to light; at 300° 
it distils with partial decomposition and depo^tion of carbon; it is 
insoluble in water, and but slightly soluble in boiling alcohol, from 
which it is deposited on cooling in form of a white powder, con¬ 
sisting of microscdpic needles. It contains Ggj Hg N 0, whence its 
formation is represented by the equation C 30 Hg N, HO, Gg O 3 
= Gg, Hg N 0+2 HO + GO (the evolution of carbonic acid is but 
a secondary phenomenon). It is soluble in an alcoholic solution 
of potassa, from which it is reprccipitated on addition of water; 
dilute solutions do not act upon it. # 


(1) Loc. cit. p. 276. 

(2) Aon. Ch. Phys. [3] XXI, 6 B; Corapt. Rend. XXIV, 1091; J. Pharm. [3] XII, 
237 ; Ann. Ch. Phanxi. LXIV, 370} J. Pr. Chem. XLII, 244. 
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Bnlphoearliamlde of Naphthaildlne. — On adding bisulphide of 
carbon to a solution of naphtalidine in absolute alcohol, the 
sides of the vessel are coated after one or two days with dendritic 
aggregations of a white crystalline substance; after some time the 
mixture blackens, and the mother-liquor contains hydrosulphate of 
naphthalidine. On employing very dilute solutions of naphthalidine 
and bisulphide of carbon in absolute alcohol, the compound is 
deposited in colourless, brilliant needles, which are purified by 
washing with hot alcohol. Delbos assigns the formula Cgj Hg N S 
to this compound, -which he calls naphthalidine-sulphocarbamide (his 
analysis, however, does not agree very well with this formula). The 
equation Cg^ Hg N + CSg = Cg^ Hg N S + HS would illustrate the 
formation of this substance; it is insoluble in water:' and alcohol, 
and decomposes on application of heat; dilute acids have no effect 
upon it, when boiled with an alcoholic solution of potassa it is con¬ 
verted into naphthalidine-carbamide. 

Ornranlc Bases. Nicotine. —Schloe8ing(l) considers the follow¬ 
ing method as best adapted for the preparation of nicotine. The 
aqueous decoction of tobacco is concentrated to syrupy consistence, 
and agitated, while still hot, with two volumes of alcohol. After 
some time a thin liquid layer separates on the top, which is sepa¬ 
rated by decantation from the lower one, chiefly consisting of malate 
of lime. The alcoholic liquid is subjected to distillation, and the 
syrupy residue treated again with alcohol. This extract contains 
the whole of the nicotine; it is separated from the spirit and 
agitated, while still hot, with potassa, and after cooling, with ether, 
which takes up the nicotine along with some yellow colouring sub¬ 
stances ; from the ethereal solution the nicotine is precipitated by 
powdered oxalic acid, as oxalate, in the form of a syrupy mass, 
which is repeatedly washed with ether, and then agitated, first with 
potassa, and subsequently with ether; lastly, the ether is distilled 
off in the water-bath, and the residue exposed for several days to 
a current of dry hydrogen at a temperature of 140*’, which sepa¬ 
rates the last traces of ether, water, and ammonia; on now dis¬ 
tilling at 180^ the nicotine is obtained pure and colourless. 

Schloesing has ascertained the amount of nicotine in various 
kinds of tobacco, both French and American. According to his 
experiments 100 parts of mnribbed tobacco from : 


Organ 

bates 


(1) Ann. Ch. Phys. [3] XIX, 230.* 
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Nicotine. 


Dep. Lot 

. contun 

7-96 

„ Lot-et-Garonne 

• » 

7-34 

„ Nord . 

• ff 

6-58 

„ Ilc-ct-Vilaine 

• 

6-29 

.. Pas-dc-CalaLs 

• II 

4-94 



Nicotine. 

Alsace 

. . contain 3-21 

Virginia 

. . „ 6-87 

Kentucky 

„ 6-09 

Maryland 

„ 2-29 

Havannal 

. . less than 2*00 


Dried snuff still contains 2 per cent of nicotine; in snuff not dried, 
33 per cent of water as an average are present, depressing the per¬ 
centage of nicotine to 1‘36. The leaves of tobacco contain nicotine 
in the form of a salt, for the aqueous extract has an acid reaction, and 
yields but very little nicotine to ether. In snuff nicotine is partly 
free, partly in form of a neutral or basic salt, most probably as 
acetate; the ammonia therein is likewise present in form of a salt, 
it is to these two salts that snuff owes its pungent effect on the 
mucous membrane of the nose.—^The method employed by Sc hi oc- 
sing for determining the amount of nicotine in tobacco is very 
simple, and, as shown by his experiments, perfectly trustworthy. 

10 grms. of tobacco-powder, the moisture of which has been de¬ 
termined, are exhausted with ammoniacal ether, in a displacement- 
apparatus similar to those described by Payen and Mohr(l), and 
having a tubulated balloon of the capacity of ^ of a litre, the 
ethereal extract is boiled in order to separate the ammonia and the 
remaining ether subsequently evaporated in the air. The residue, 
from which a soft resinous substance separates, is carefully neu¬ 
tralized by sulphuric acid of known strength. The quantity of 
sulphuric acid (SOg) used, being represented by A, the amount of 
nicotine (Cjo Ng) B is obtained by the proportion 40: 162 
= A:B. 

Nicotine has been analysed both by Schloesing and Barral(2) 
with the same result as formerly by M cl sens; their numbers 
establish the formula Cg^ Ng. 


Melsens. 

C 74-3 

H 8*8 

N 17-3 


Schloesing. Barral. 

73-77 — 7.3-40 73-69 

8-62 — 8-89 8-86 

— — 17-04 


^20 ^14 


74-08 

8-64 

17-28 


By determining the amount of sulphuric acid requisite for the 
complete neutralization of nicotine, and by ascertaining the quantity 


(1) Vide p. 90 of Practical Pharmaejr, hjr Mohr and Redwood. Taylor, Walton, 
and Mahcrley, London, 1849. 

(2) Ann. Ch. Phys. [3] XX, 345; Compt. Rend. XXIV, 818; J. Pr. Chem. XLI, 
466. 
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of carbonates of lime and baryta precipitated by carbonic acid from 
a salt of these alkaline earths, to which nicotine had been added, 
Schloesing obtained numbers, which agree with the formula 
C 20 N; the analysis of the platinum-salt led to the formula 
Cio IT, N. , In order to decide this question, Barral has deter¬ 
mined the spec. grav. of the nicotine-vapour, for which he found 
the numbers .5’607 and 5’630. The theoretical density of the 
formula Cjq H, N, which corresponds to 2 vols. of vapour only, is 
5*578. Barral is convinced that the equivalent of nicotine, cor¬ 
responds, like ammonia and aniline, to 4 vols. of vapour, and hence 
that jt is represented by the formula 

Nicotine absorbs moisture with great avidity; when exposed to the 
moist atmosphere its weight increases according to Schloesing by 
,\,th in one day; in an experiment of Barral, nicotine absorbed in 
three weeks 177 per cent of water. The whole of this water is 
evolved again in a dry atmosphere. 

The spec. grav. of nicotine Barral found to be 1*033 at 4®; 
1*027 at 15“; 1*018 at 30“; 1*0006 at 50“; and 0*9424 at 101“*5. 
100 of nicotine dissolve at 100“ 10*58 of sulphur, the liquid as¬ 
suming a dark-brown colour; phosphorus is insoluble in nicotine.— 
When acted upon by chlorine nicotine evolves hydrochloric acid, 
and is converted into a blood-rcd liquid, which becomes colourless 
when exposed to solar irradiation, and deposits needles at 8®; on 
addition of water a white body is separated. 

Nicotine and Protochlorldc of Platinum.— -On adding nicotine 
gradually to a gently warmed acid solution of protochloride of 
platinum, and agitating so as to avoid the disengagement of too 
much heat, Raewsky(l) obtained an orange-yellow, crystalline com¬ 
pound (a). The mother-liquor yielded on evaporation another com¬ 
bination (A) in right prisms of a red colour. The latter may be also 
produced by dissolving the orange-yellow crystals in the mother- 
liquor, and evaporating in vacuo. — a) Orauge-yelhw salt PtCl, 

H, N, 2 HCl; it is insoluble in cold, but dissolves in boiling water, 
in hydrochloric and nitric acid, and crystallizes from these solutions 
without change in composition; the solution in hydrochloric acid 
deposits splendid orange-yellow rhombic prisms, that in nitric acid 
yields small yellow crystals. When treated with boiling water an 
amorphous* residue is left, which according to Raewsky's analysis 
has the same composition. The salt is perfectly soluble in nicotine; 

(1) Ann. Ch. Phys. [3] XXV, 332 ; J. Pr. Clicm. XLVl, 170 ; Compt. Rend. XXVII, 
GOO, (in abstr.). 


Nicotine. 
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Md“ro"to. evaporation the solution forms a deliquescent gelatinous msss, 
^piaunnm^ misciblc with water, alcohol, ether, and acids, but not crystallizable j 
on addition of concentrated sulphuric acid the platinum-salt turns 
white.— {b) Red salt PtCl, N, HCl. It is but slightly soluble 

in cold, but dissolves in boiling water; the solution deposits pale 
yellow scales, which have the same composition as the red modifi¬ 
cation. It is insoluble in alcohol and, ether j it dissolves in hydro¬ 
chloric and nitric acids, and is decomposed by the latter on heating. 
On addition of concentrated sulphuric acid it turns brown. 

Sluinlne.— According to Lauren t(l) quinine has the formula 
C 38 H 22 Nj O 4 , which requires 73*4 of carbon, and 7-1 of hydsogen. 
He found 73*27—73*57 of carbon, and 7*14*—7*07 of hydrogen. 
The platinum-salt H 22 N 2 O^, 2 HO, 2 HCl -f 2 PtClg requires 26*5 
per cent of platinum (Laurent found 26*4; Liebig 26*4—26.5— 
26*6; Gerhardt 26*3), and 29*6 per cent of chlorine, (Gerhardt 
found 29*5). 

Hyposulphite of i|nininc. —^Winckler(2) showed, that hydrochlo¬ 
rate of quinine yields with hyposulphite of soda a flocculent pre¬ 
cipitate, which is insoluble in cold water, and crystallizes from an 
alcoholic solution in needles; at 100 ® these crystals lose water of 
crystallization, and fall to a strongly electrical powder. C. M. 
Wetherill(3) has analysed this salt; he arrived at the formula 
C 38 H 24 N 2 O 4 , Sg O 2 , HO, according to which, quinine would contain 
2 cquivs. of hydrogen more than Laurent assumes. Wetherill 
found 6*65—6*79 per cent of hydrogen; the above formula requires 
6*77 per cent; the theoretical percentage of Cg^ Hgg Ng 0^, Sg Og, IIO 
is 6*27; hence Wether ill’s analysis would rather support the latter 
formula, inasmuch as the hydrogen-determinations exhibit usually an 
excess. 

Phosphate of <|ainine.— ^By dissolving quinine in gently warmed 
phosphoric acid Anderson(4) obtained soft satiny needles, neutral to 
vegetal colours, which contained 61*85 per cent of carbon, and 6*81 
of hydrogen. He believes it to contain (at 100 ®) 3 Cgo Hjj N Og, 
8 HO, POg. At I2I® the salt of one preparation lost 7*88 per 
cent, that of another 15*3 per cent of water, which would indicate 
the existence of two salts.—^Anderson has not determined the 
phosphoric acid, whence it remains doubtful, whether the salt 


(1) Ann. Ch. Phys. [3] XIX, 363; Ann. Ch. Pharm. LXII, 95; Compt. Rend. XXIV, 
■ 219; J. Pr. Chem. XL, 400. 

(2) Jahrb. Pr. Chem. XV, 281. 

(3) Ann. Ch, Pharm. LXVI, 150. 

^4) Ihid. 55, (comp. “ Strychnine”). 
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actually contains 3 equivs. of quinine; his analysis, if Laurent's ****“p*‘**® 
formula be adopted, agrees best with 3 C 19 Hu N Oq, PO 5 ; which 
requires 61*8 per cent of carbon, and 6*2 of hydrogen. 

Hydrosulpliooyanate of l|ulnlne. —According to l)ollfus(l) two 
salts exist, a w^hite one and a yellow one which is resin-like, and 
agglutinates; they invariably crystallize together. 

Hydrofcrro. and Hydroferilcyanate of Quinine. —On mixing alco¬ 
holic solutions of hydroferrocyanic acid and of quinine, an orange- 
yellow crystalline precipitate is produced which, according to 
Dollfus(2), contains 62'9 per cent of carbon, 6*0 of hydrogen, and 
9*1 of iron; these numbers lead to the formula Hjg N Og, H 2 Cfy 
+ 3 HO, which requires 52*5 of carbon, 5*7 of hy^ogen, and 9*4 
of iron. This compound, however, is very easily decomposed, and 
cannot be adduced in favour of one or the other of the quinine- 
formula ; if we adopt Laurent's formula, the above numbers 
would be best represented by.the formula Cgg Hgg Nj 0^, 2 Cfy 
+ HO, which requires 63*2 of carbon, 6*3 of hydrogen, and 9*9 of 
iron. Hydrochlorate of quinine produces with ferricyanide of po¬ 
tassium a crystalline precipitate resembling aurum rmmvwtiy and 
containing, according to Dollfus, 64*6 of carbon, 5*4 of hydrogen, 
and 9*8 of iron. 

Adulteration of Quinine. —Stre8emann(3) has observed adultera¬ 
tions of quinine with 30—40 per cent of salicine, Sckeyde(4) with 
10—18 per cent of milk-sugar, Winckler(5) with 40 per cent of 
carbonate of lime. 

Substitute for Quinine.— Spatzier( 6 ) has lately recommended for 
this purpose Variolaria amara Ach. {Persutaria communis DC.)y 
which in 1832 had been proposed by Alms as a remedy in inter¬ 
mittent fever. Knop(7) observes, on this occasion, that possibly 
similar medicinal properties may be possessed by the very bitter 
salts of cctraric and stictic acids, which are probably closely allied 
to picrolichenin, extracted by Alma from V. amara. —^Winckler( 8 ) 
repeatedly recalls attention to purified quinoidine, and also to 
quinidine and cinchonine j the latter especially, is stated on the 
authority of distinguished physicians, to possess in the form of salts. 


(1) Ann. Ch. Pham. LXV, 215. (3) Arch. Pharm. [2] LII, 151. 

(2) Ibid. 224. (4) Ibid. [2] LVI, 171. 

(5) Repert. Phann. [2] XLVII, 403; Jalirb. Pr. Pharm. XV, 165. 

(0) Arch. Pharm. [2] LVI, 166. (8) Jahrh. Pr. Phym. XVII, 83. 

(7) Pharm. Centr. 1848,943. 
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failing febrifuge properties.—Bebeerine likewise deserves 
attention as a substitute for quinine. 

Ginciiuninc.— Laurcnt(l) has altered also the formula of ein- 
choninc, by which its relation to quinine is re-established. He pro¬ 
poses C 38 II 22 N 2 O 2 (theory 77*55 of carbon, 7*48 of hydrogen ; 
experiment 77*22—77*36 of carbon, and 7*47—7*51 of hydrogen). 
This formula is supported by the numbers obtained by Regnault 
in analysing the sulphate, iodate and nitrate of cinchonine, and 
by the investigation of the subsequent cinchonine-compounds. The 
platinum-salt is Cgg Hga Ng Og, 2 HCl, 2 Ft CI 2 + 2 HO (theory 27*26, 
experiment 27*2—^27*3 of platinum). The 2 equivs. of water are 
evolved at 140“. 

Hydrochiorate of Clncbontiie crystallizes from aqueous alcohol 
containing a slight excess of acid, on slow evaporation, in tables with 
a rhombic base, whose acute angles are truncated. Laurent^s(2) 
analysis led to the formula Cgg Hgg Og, 2 HCI. It is readily 
soluble in water, less so in alcohol; the solution reddens litmus. 

Hydrosulpliocyanate of Cinchonine. —By the analysis of this salt, 
which crystallizes in brilliant needles, I)ollfu8(3) has confirmed 
Laurent^s cinchonine-formula. He found in 100 parts G7*H6 of 
carbon, and 6*63 of hydrogen. The formula ILg Ng Og, U Cg 
N Sg requires 67*9 of carbon, and 6*63 of hydrogen. Ilencc the 
equivalent of cinchonine is 294. Dollfus found 289. 

iBydroferro- and Ilydroferrlcyanate of Clnclionlne. —^Tlicsc salts 
have been likewise analysed by Dollfus(4). His results add a new 
confirmation to Laurent’s formula of the base. Hydrofcrrocyanate 
of cinchonine contains C-jg Ilgg Ng Og, 2 Hg Cfy + 4 HO, the hydro- < 
ferricyanate has the formida C 38 H 22 N 2 ^ 2 f Cfyg^ 4 110.—Both 
salts are crystalline precipitates, which, when heated, either alone, 
or in aqueous solutions, are decomposed into liydrocyanic acid, ancl 
a bluish residue; with solutions of protoxide and sesquioxidc of iron, 
they exhibit the same deportment as the corresponding potassium- 
compounds. 

Chloroclnchonlnc and Bromoclnchonlne. —On passing a current of 
chlorine into a warm concentrated solution of hydrochiorate of cin¬ 
chonine, Laurent(5) obtained a heavy crystalline powder, which 

(1) Ann. Ch. Phys. [3] XIX, 365, (for the other quotations, tee p. 474). 

(2) Ibid. [3] XXIV, 302; Ann. Ch. Pharm. LXIX, 9. 

(3) Ann. Ch. Pharm. LXV, 222. 

(4) Ibid. 225. 

(5) Ann. Ch. Phys. [3] XXIV, 302; Ann. Ch. Pharm. LXIX, 9; J. Pharm. [3] 
XIV, 456. 
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after rccrystallization from boiling water, was found to be pure hydro- * 
chlorate of chlorociiichonine, Cgj, Hjo Clg Ng O^, 2 HCl. It is, like 
the subsequent compounds, isomorphous with hydrochlorate of «i“e- 
cinchonine, slightly soluble in water and soluble in 60 parts of 
alcohol. Chlorocinchonine, precipitated from this salt by means of 
ammonia, contains Cgg Hgo Cl^ Nj O 2 (theory 19*5 per cent of chlo¬ 
rine ; experiment 18*9) j it is crystallizablc, and yields, when distilled 
with potassa, chinolinc free from chlorine. The platinum-salt 
C;ia II 20 ^^2 ^2 ^ 2 > ^ HCl, 2 Ft CI 2+2 HO, is a pale-yellow powder. 
Ilydrobromate of chlorocinchonine Cgg H 20 Ng O 2 , 3 H Br, is 
difficultly soluble. By treating hydrochlorat^.^if cinchonine with 
bromine, Laurent obtained a mixture of two cbi^iounds, containing 
diflerent quantities of bromine. One of these compounds forms a 
hydrochloratc, soluble in alcohol, and contains H 21 Br N 2 O 2 ; 
the other, which Laurent designates as sesqiiibroniocinchonine, is 
])robably a mixture of the former with dibromocinchonine, Cgg Hgo 
Bi’jj N 2 O 3 , both compounds, in consequence of their isomorphism, 
crystallizing together. On analysis, the formula Cgg IIV Ng Og 

was obtained, which was confirmed by the study of the hydrochlorate 
and of the platinum-salt. Laurent farther mentions £l hydro- 
bromochlorate of bromocinchoninc, C^g Hjj Brg 0^, 2 HCl, 2 H Br, 
which is produced by the action of bromine upon hydroehlorate of 
cinchonine. The ci^stalline form of the isomorphous compounds 
above enumerated, is a right, rhombic prism 00 F, which is short¬ 
ened to a table by the predomination of the terminal plane 0 F; the 
more acute edges of the prism are replaced by two planes F 00 , 
tangent in points. In measuring the angles, Laurent found for: 


CjB II33 Ng O2, 2 lici 

C 38 Ilau CI 3 N 3 Oj, 2 IICl 
Cgy H 20 Clg Ng Ogt 2 Hfif 
Cggir^, Br^NgOg, 2I1C1 


OB P ; 00 P 

r 00 : 0 P 

101“ 

137 --1380 

106 

136J —1374 

104 

137 

107--108 



'Winckler(l) has shown, that cinchonine, when heated with an 
excess of concentrated sulphuric acid, loses its faculty of crystallizing, 
assuming the properties of amorphous cinchonine, which he had 
previously prepared from commercial quinoidine. The hydrochloric 
solution of amorphous quinine and cinchonine, is not affected by 
hy])osulphitc of soda, while the hydrochlorates of the crystalline 
bases yield directly crystalline precipitates. 


(1) Jahri). Pr. Pharm. XV, 281; Report. Phann. [2] XLVIII, 39.-. 
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Qulnldlne. 


According to llodep’s(l) statement, quinoidine would be a com¬ 
pound of crystalline quinine and cinchonine with a resin, which 
could be separated by treating the alcoholic solution with protochlo¬ 
ride of tin. It was proved, however, by Wincklcr(2) that pure 
amorphous quinine remains amorphous even after treatment with 
protochloride of tin, and that the crystalline bases, observed by 
lloder, must have been present in the specimens of quinoidine 
employed, which is invariably the case in the commercial article. 

Qulnldlne. —In a Quina-bark, occurring in commerce, in the same 
packages as Quina regia, but having in its exterior the greatest 
resemblance to Quina Huamalies, Winckler(3) has observed a new 
organic base, which he calls quinidine, and which, according to his 
observations, is frequently present in commercial sulphate of quinine. 
From a large quantity of crude quinidine, obtained by Zimmer in 
manufacturing quinine, and consisting chiefly of quinine and the new 
alkaloid, Wincklcr separated quinine and a yellow resinous sub¬ 
stance ; the insoluble residue, when dissolved in alcohol of 80 per cent, 
treated with animal charcoal and slowly evaporated, yielded coloured 
crystals of quinidine, which were purified by conversion into sulphate, 
precipitation with carbonate of soda, edulcoration, and recrystallization 
from alcohol. 

Quinidine is thus obtained in large crystals, possessing the lustre 
of glass; their form is a right four-sided prism, which is either 
rightly truncated or pointed by one or two planes. When rapidly 
deposited, it separates as a crystalline powder, which, under the 
microscope, appears as an aggregate of rhombic tables. When 
heated, it fuses; at a higher temperature a small portion sublimes, 
while the larger is decomposed, with evolution of a vapour, possessing 
the odour of kinone. The powder is scarcely electric. Quinidine 
is but slightly soluble in water, but dissolves readily in alcohol; 100 
parts of ether dissolve only 0*69 of the base. It neutralizes the 
acids perfectly; an excess of acid gives 'rise to an opalescence of the 
solution, just as with quinine. The solutions have the same bitter 
taste as quinine. Quinidine does not lose in weight when exposed 
to 100®. Both the basic sulphate and the platinum-salts have, 
according to Winckler, the same composition as the corresponding 
compounds of quinine; the neutral sulphate, dried in the air, loses. 


(1) Mittheilangen des Schweizer Apotheker-Vereina, I, 31; Report. Pharm. [3] I, 
100 . ^ 

(2) Jahrb. Pr. Pliann. XVII, 32. 

(8) Repert. Pharm. [2] XLVIII, 384 ; XLIX, 1. 
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when fused, 19 per cent of water; it contains 16*65 per cent of 
sulphuric acid. Winckler supposes that quinidiuc has the same 
composition as quinine; this question has to be decided by more 
accurate analytical experiments. 

I'seuaoquintne. —In an extract of Quina, of unknown origin, Men- 
garduque(l) has found an organic base, which both in deportment 
and composition, essentially differs from quinine, cinchonine, or 
cinchovatinc; none of the three latter substances were present. This 
substance neutralizes the acids perfectly, and decomposes ammonia- 
salts ; it is insoluble in ether and water, but dissolves in alcohol, 
from which it crystallizes in irregular prisms. Its solution in chlo- 
riiic-watcr assumes, on addition of ammonia, a reddish-yellow colour, 
while quinine becomes green. It is tasteless; the sulphate, likewise, 
which crystallizes in flat prisms, has scarcely a bitter taste. On 
analysing the base, 7C'5—76*7 per cent of carbon, 8*1—8*2 of 
hydrogen, 10*2—10*4 of nitrogen, and 5*2—4*7 of oxygen were 
obtained. 

Morphine. —Laurent(2) has again analysed this base. He proposes 
the formula H^g N Og, which contains 1 equivalent of hydrogen 
more than Liebig^s formula. (Theory, 71*58 of carbon and 6*66 of 
hydrogen; experiment, 71*63—71*59 of carbon and 6*58—6*66 of 
hydrogen). Hence it would differ from codeine by 1 eq. of oxygen 
only, which the latter contains less. 

iiydrosulphocyanate of Morphine has been analysed by Doll- 
fus(3), who found the formula Cg^ H^g N Og, H N Sg, HO; accord¬ 
ing to his experiment, morphine contains even one of hydrogen less 
than Laurent's formula admits. 

Amount of Morphine present In Opium. —Aubergier(4) has per¬ 
formed a series of experiments with varieties of poppy {Papaver 
somniferum)f cultivated in 1844 and 1845, in Algeria. He proves 
that the quality of the opium prepared therefrom, *. <?., its amount of 
morphine, depends partly on the variety of the plant and partly on 
the maturity, more or less advanced, of the capsule at the time of 
collection. The milky juice is richest in morphine when the capsules 
are not completely ripe, and present still a green colour; as soon 
as they become yellowish-brown, the time for the opium-crop has 
passed. If care be taken in making the incisions into the poppy- 

(1) Compt. Rend. XXVII, 221; J. Pr. Chem. XLV, 356; J. Pharm. [3] XIV, 343; 
J. Chim. M«l. [3] V, 17. 

(2) Ann. Ch. Phys. [3] XIX, 361 (co{|^p. p. 474). * 

(3) Ann. Ch. Phiirm. LXV, 216. 

(4) Ann. Ch. Pliya. [3] XX, 303, 
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^rpMne^ heads, so as not to injure the pericarp, through which air might 
'‘"opiumpenetrate into the interior, the seeds still ripen, quite independent of 
the opium-crop. Aubergier effects this by means of an instrument 
containing four blades, which are so adjusted as to produce incisions 
of 1 — 2 "*™ only. The exuding milky juice is collected before it dries 
upon the capsule, by which the loss occasioned by rain is altogether 
prevented. The determination of morphine was effected according to 
Payen’s method. Aubergier decolourized, however, his solution 
of morphine by animal charcoal, whereby his numbers became uncer¬ 
tain, inasmuch as organic bases are well known to be carried doWn 
by animal charcoal, lie obtained the following results : 

Mor])}iine in 100 parts of 


Variety of poppy. 




Time of collection. opium (‘oiitainiii;; 7'6 per 







cent of walcr. 

“White poppy • . 


1844.’'* 

1 . 

collection 

5. —11. .Inly 

8*570 

ditto . . 


f» 

2 . 


17.—20. July 

1*520 

lied poppy . . 


ff 



11.—13. July 

10*690 

White poppy . . 


tf 

1 . 

tt 

9. July 

6*630 

ditto . . 


u 

2 . 

ff 

28. July 

5*5.30 

ditto . . 


ff 

3 . 

ff 

13. August 

3*270 

Red poppy . . 


ff 

1 . 

tf 

21. July 

10 370 

ditto . . 


1845. 

2 . 

tf 

26. July 

10*649 

ditto . . 


tf 

3 . 

ft 

16. August 

11*2.30 

Oeillette . . 


ff 

1 . 

tf 

29.—30. July 

17*833 

ditto . . 


ff 

2 . 

ff 

21. August 

14*780 


Suiphomorphlde and duliitaonarcotide.— ^Arppe(l) described, in 
1845, a white substance, becoming green when exposed to the atmo- 
sphejre, which he had obtained by the action of an excess of sul¬ 
phuric acid upon morphine. His analysis had led to the formula 
4 Cg; Hgg N Og -f 5 SOg. On the assumption of morphine being a 
conjugated ammonia-compound, Arppe conjectured that this sub¬ 
stance contained anhydrous sulphate of ammonia, whence he proposed 
the following rational formula: C 35 Og, NHg, SOg4-3 (C 35 Hjy Og, 
NH3)-|-4SOg. 

Laurent and Gerhardt(2) have likewise analysed this compound; 
they' consider it as neutral sulphate of morphine, minus 2 cq. of 
water, when thp compound would belong to the class of amides and 
anilides. Their analysis yielded 63*0 per cent of carbon, 5*8 of hydro¬ 
gen, and 5*'4 of sulphur; the formula Cgj Hjg N Og S =€34 NOg, SO 3 
requires 64*5 of carbon, 5*7 of hydrogen, and 5*1 of sulphur. Lau- 


(1) Ann. Ch. Pharm. LV, 96. ^ 

(2) Ann. Ch. Phys. [3] XXIV, 112; Compt. Rend. XXVII, 80; J. Pharm. [3] 
XIV, 302; Ann. Ch. Pharm. LXVIII, 358; J. Pr. Chem. XLV, 369. 
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rent and Gerhardt consider a loss of 1*5 per cent of carbon unavoid- 
able in the analyses of uncrystallizable and difficultly combustible 
substances. They propose the designation sulphomorpMde for this uurcotido 
substance.—On treating narcotine with dilute sulphuric acid, Lau¬ 
rent and Gerhardt obtained a dark-green body, insoluble in water, 
but dissolving in alcohol, and exhibiting the same deportment as 
sulphomorphide, whence the name mlphonarcotide. Analysis yielded 
59'1 per cent of carbon, 5'3 of hydrogen, and 3'6 of sulphur; the 
formula of neutral sulphate of narcotine, minm 2 equivs. of water, 

Cj 6 Hgg N Oi 4 , HO, SO 3 , — 2 HO = C 4 fl H 24 N O^g, SO 3 , requires 60*2 
of carbon, 5 '2 of hydrogen, and 3*5 of sulphur. Morphine and 
narcotine cannot be reproduced from these compounds. 

cotartiine.—Laurent(l) proposes the formula Iljg N Og for 
this compound, which had been obtained from narcotine by Wohler 
on treating it with sulphuric acid and mnoxide of manganese, by 
Hlyth on acting upon it with bichloride of platinum. He farther 
repeated the analysis of opianic acid, which together with hemipinic 
acid, is produced in the same process of oxidation j his analysis led 
him to the formula Hjo Oio^ (theory, >57'154)er cent, of carbon 
and 4'77 of hydrogen; experiment, 57*10'' of carbon and 4*88 of 
hydrogen), which contains 1 eq. of hydrogen less than Wohler's 
formula. Tlie formation of these substances from narcotinC would 
then be represented by the following equation : 

9«H36N0„ + 0, » Ca,Hj3NO,+ C.joII,oO,„+ 2HO. 

T ▼ 

Narcotiae. Cotarnine. - Opianic add. 

Opianic acid, by the ab^ption of 2 more equivs. of oxygen, is 
converted into hemipinic acid, C 20 H^o Ojj.—On adding together the 
formulas of iiarcotinc and cotarnine, 2 equivs. of narcogenine, 

2 Cgg H,q N Ojf, are obtained; or 2 equivs. of narcotine, by absorb¬ 
ing 4 equivs. of oxygen are. converted into 2 equivs. narcogenine, 

1 cquiv. of opianic acid, and 2 equivs. of water. 

Codeine. —The hydrosulphocyanate of codeine is obtained on adding 
hydrosulphocyanic acid to an alcoholic solution of this base. It forms 
needles, fusing at 100 ®, and containing, according to Dollfus'( 2 ) 
analysis C 34 H ,9 NOg, H C 3 NSg + HO ; (theory, 62*60 of 4 ;arbon 
and 6*08 of hydrogen; experiment, 62*30 of carbon and 6*12 of 
hydrogen). 

* (I) Anti. Ch. Phys. [3] XIX, 370, (for the other quotations, p. 474). 

(2) Ann. Ch. Pliarm. LXV, 217. ^ 

VOL. I. I J 
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Papave< 

rine. 


Papaverine. —^The residues of the preparation of morphine contain 
a new opium-base, which has been discovered by G. Merek(l), who 
proposes for it the name papaverine. This base contains N Og j 

it is but slightly soluble in cold, more readily in hot spirits of wine 
and ether, and is deposited from these solutions in white, spear-like 
crystals, which act but slightly on reddened litmus. When in con¬ 
tact with concentrated sulphuric acid, they assume a blue colour.— 
The greater part of the salts are difficultly soluble in water; hydro¬ 
chlorate of papaverine, C 4 Q N Og, H Cl, crystallizes, according to 
H. Kopp^s determination, in right rhombic prisms, with edges of 
80’ and 100®. From its aqueous solution, this salt is precipitated by 
hydrochloric acid in oily drops, which when left at a gentle tempera¬ 
ture, arc gradually converted into an aggregate of crystals. Sulphuric 
and nitric acids produce ja similar deportment. The platinum-salt, 
C 40 Hgi N Og, HCl, PtCIg,' is a yellow precipitate, insoluble in water 
and spirits of wine. Details respecting the preparation of the base, 
its chemical deportment and .analysis, have not yet been communi¬ 
cated by G. Merck. 

piiiefinc is isorn^rphous with morphine, according to a repeated 
analysis by Laurent(2), which confirms Regnault^s formula 
C„ H., NO.. 

Ptiospbate of Htryclmlne. —^Th. Ander8on(3) has described two 
compounds of phosphoric acid with strychnine. 

On digesting strychnine, at a gentle heat, with mod 6 ratcly dilute 
phosphoric acid, as long as it is readily dissolved, radiated groups of 
long needles are deposited on cooling, which (at 127®) contain, 
H 24 Nj O 4 , HO, FO 5+2 no, (thcoiy, 59'i4 of carbon and 6*04 
of hydrogen; experiment, 59*05—58*72 of carbon and 5*97—5*96 of 
hydrogen). The crystallized salt loses, at 4 equivs (7*42 per 
cent) of water, (experiment, 7*95). It dissolves in 5 —6 parts of 
water, and has an acid reaction. 

If the solution of the acid salt be digested for some time with an 
excess of strychnine, and the j)roduct be recrystallized several times, 
large rectangular tables are obtained, which have no longer an acid 
they are 2 (C^ O 4 , HO), HO, VO^ +18 HO. At 


(1) Ann. Ch. Pharm. LXVI, 125; Arch. Phann. [2] LVI, 312; I^epert. Pharin. 
[3] I, 96; J. Pharm. [3] XV, 167. 

(2) Ann. Ch. Phya. [3] XIX, 363 { Ann. Ch. Pharm. LXII, 98. 

(3) Chem. Soc. Qu. J. I. 55; PhU. Mag. [3] XXXII!, 163; Ann. Ch. Pharm. LXVI, 
55; J. Pharm. [3] XIV, 49. 
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lOO” this compound loses 18 equivs. (17*6 per cent) of water of 
crystallization. 

Hydrosuiphocyanate of strycbnine has been analysed by Doll- nine. 
fus(l), who confirms the formula of strychnine proposed by Ger- 
hardt. The salt is obtained in the form of transparent difficultly 
soluble needles, on adding hydrosulphocyanic acid to an alcoholic 
solution of strychnine, or by decomposing a stiychnine-salt by means 
of sulphocyanide of potassium. In this, as well as in ail the other 
analyses, Dollfus availed himself of the insolubility of sulphocyanide 
of silver for determining the equivalents of the bases which he 
examined. He arrived exactly at the formula C 44 , Ng H Cj N S^, 

(theory, 67'8l of carbon and 614 of hydrogen; experiment, 67*70 
of carbon and 6*39 of water). 

Hydrochlorate of Strychnine and Cyan^e of Mercury combine, 
according to Brandis( 2 ), forming a crystalline precipitate, when both 
constituents are mixed. From hot solutions, the double compound 
is deposited in rectangular, four-sided tables, possessing the lustre of 
mother-of-pearl, and containing Ng 0^, HCl+4 Hg Cy. 

nydroferrocyanate of Strychnine was obtained by Brandis(3) 
on mixing neutral strychnine-salts with ferrocyanide of potassium, 
when a copious precipitate is formed, which consists of colourless crys¬ 
tals. From dilute solutions, light-yellow crystals, of from ^ to 1 inch 
in length, are deposited; their form is a rectangular, four-aided 
prism, with ends pointed by two planes in the direction of the edges. 

They contain, according to Brandis, 2 N 3 O 4 , Hg Cfy-f 8 HO. 

At 100“ the compound loses 6 eqs. = 6*12 per cent of water.—With 
salts of iron, lead, and copper, it exhibits the same deportment as 
ferrocyanide of potassium.—On dissolving this salt in'*boiIing water, 
or on heating the saturated aqueous solution to ebullition, strych¬ 
nine crystallizes first, and subsequently 

Hydroferricyahatc of Strychnine is deposited. This compound is 
obtained likewise, by mixing a saturated solution of a strychnine-, 
salt with ferricyanide potassium, when beautiful, golden-yellow, 
brilliant crystals are separated, which resemble the preceding com¬ 
pound, They contain 3 C 44 H 24 Ng O 4 , H 3 Cfyg + 12 HO. Of 
these 12 equivs. of water, 3 equivs. are lost in vacuOy 6 equivs. at 
100“, and 8 equivs. at 136". When heated more strongly, the com¬ 
pound is decomposed, with evolution of hydrocyanic acid. On 
boiling Prussian blue with strychnine, the hydroferricyanate is 

(1) Ana. Ch. Phann. LXV, 221. (2) Ibid. LXVI, 269. 

(3) Ibid. LXVI, 257; Instit. 1848, 194. 
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likewise formed; a reaction which is intelligible by the deportment 
preceding compound on ebullition with water. 

On adding hydroferricyanic acid to an alcoholic solution of strych¬ 
nine, or of hydroferricyanate of strychnine, until the liquid assumes 
a slightly acid reaction, a white powder is precipitated, almost inso¬ 
luble in water and alcohol, which differs both in its properties and 
constitution from the above compound. This substance has an acid 
reaction; on treatment with potassa it' is converted into an amor¬ 
phous, white mass, turning blue when exposed to the air, and on 
treatment with alcohol, decomposed into an amorphous, blue com¬ 
pound, hydroferrocyanate of strychnine and ferrocyanide of potassium. 
With boiling water, it yields a blue precipitate and hydroferricyanate 
of strychnine. Brandis proposes for this compound the formula 
C 44 H 24 Ng O 4 , Cy„, n, Cy^-f 5 HO, the only one agreeing with 
the results of his analysis. When considered as hydrocyanates, the 
compounds investigated by Brandis are represented by the follow¬ 
ing formulae: 

(at 100 ») 2 (Sr, HCy) + Fe 0, HCy + HO 
(at lae**) 3 (Str, HCy) + (FcgOg, 3 HCy) + IIO 
(at lOO®) S^r, HCy +2 (Fe 0, HCy) + HO 

When dried as far as possible without decomposition, these salts 
still contain 1 eq. of water. 

Chloroatrychnlne and Bromostryclinlne.— On passing, according 
to Laurent(l), a current of chlorine into a gently-warmed solution 
of hydrochlorate of strychnine, it assumes a rose-red colour, while a 
resin-like substance separates. The solution, when carefully sub¬ 
jected to a fractional precipitation, by means^f ammonia, yields a 
white precipitate, which gives with sulphuric, acid a crystalline salt, 
of the formula, Hgg Cl Ng O 4 , IIO, SO 3 + 7 HO, having a compo¬ 
sition analogous to sulphate of strychnine.—By similarly acting with 
bromine upon hydrochlorate of strychnine, a bromostrychnine was 
obtained, in which less than 1 eq. of hydrogen was replaced by 
bromine. 

Pbospiiate of Brucine has been prepared by Ander8on(2). It 
forms short, thin prisms, which are readUy soluble in water, without 
action on vegetal colours, and fuse at 100®. When dried at 100“, 


(l)-Ann. Ch. Phys. [3] XXIV, 312; Ann. Ch. Pharm. LXIX, 14; J. Pr. Cheni. 
XLVI, 62. 

'(2) Anil. Cli. Pharm. LXVI, 55, (comp. p. 482). 
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they contain 2 Cjg Hgg Ng Og, HO, PO 5+2 HO. The water of crys¬ 
tallization was not determined.—On digesting acid phosphate of 
soda with brucine, a double salt is obtained, which, according to an 
analysis (the details of which have not been communicated), is 

a 

approximately represented by, Br, HO, NaO, HO, POg. 

ilydrosuiphocyanate of Btruclae crystallizes in anhydrous plates 
upon addition of hydrosulphocyanic acid to a solution of brucine. The 
salt is readily soluble in water. According to Dollfu 8 '(l) analysis, 
it contains €45 Hog Ng Qg, H Cg N Sg, (theory, 63*57 per cent of 
carbon and 5*96 of hydrogen; experiment, 63*23 of carbon and 
6-13 of hydrogen). This analysis settles the true formula of brucine. 

Hydroferrocyanatc and Hydroferricyanate of Brucine are com¬ 
pounds perfectly similar to the strychnine-salts above described. 
The hydroferrocyanatc is, according to Braiidis(2), 2 €43 HggNg Og, 

IIj Cfy+2HO, or 2 (Br, H Cy) + FcO, H Cy + HO, when considered 
as a hydrocyanate. 

Bromonruciiic. —On treating an aqueous solution of sulphate of 
brucine with a weak solution of bromine in alcohol until | or ^ of 
the base is precipitated in form of a resinous body, and recrystal¬ 
lizing, from dilute alcohol, the precipitate, produced by addition of 
ammonia to the filtrate, Laurcnt(3) obtained small, slightly coloured 
needles, represented by the formula 04 ^ H^g Br Ng Og, (theory 16*9; 
experiment 17*5 per cent of bromine). These crystals are not red¬ 
dened by nitric acid. 

Products of Decomposition of Brucine by means of Nitric Acid, 

—Gcrhardt(4) stated, in 1845, that in acting with nitric acid upon 
brucine, nitrous ether is evolved. Ilis statement was based upon the 
facts: that the gas evolved possessed the same odour as nitrite of 
ethyl, that it was soluble in water and spirits of wine,•and burned 
with a greenish flame, nitrous fumes being disengaged. Gerhardt in¬ 
ferred that brucine was resolved in this reaction precisely into nitrite 
of ethyl and a residual body; in the equation, however, by which he 
represented this reaction, a composition was assigned to this residual 
body, which did' not agree with his own analysis. Gerhardt*s 
statement respecting the identity of the gas evolved, with the vapour 
of nitrous ether, was supported by no argument based upon the 


(1) Ann. Ch. Pharm. LXV, 219. 

(2) Ibid. LXVI, 257. 

(3) Ami. Ch. Phys. [3] XXIV, 311; Ann. Ch. Pharm. LXIX, 8. 

(4) Coinpt. Rend, des Trav. Chim. Avril, 1845. 
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of decom- Well Icnowii properties of this body (boiling-point, composition, 
Srocine"by dccomposition by potassa); and respecting these properties, Gerhardt 
idtricadd si^l^rtained erroneous views. Liebig(l), who pointed out this error, 
confirmed the evolution from brucine, when treated with nitric acid 
at a gentle heat, of a gas burning with a green fiarne, from which, 
however, a liquid may be condensed, which is heavier than water 
(nitrous ether being lighter), and boils at 70®—75® (nitrous ether boil¬ 
ing at 16’5®). Gerhardt(2) replied, that the difference of the results 
was caused by Liebig having supported the reaction by heat, whilst 
nitrite of ether was only evolved in the statcf'of purity, when there was 
no application of artificial Jieat; in repeating the experiment he again 
obtained a colourless gas, possessing the odour of some apples, impart¬ 
ing a black colour to a solution of green vitriol, and burning with green¬ 
ish-white flame, from which, however, even by passing it throngli a 
frigorific mixture, only a trace of liquid could be condensed.—Lau- 
rent(3) subjected 15—20 grm. of brucine to the action of nitric acid, 
and passed the vapour disengaged over lime, and subsequently into a 
frigorific mixture; he obtained about 1 gi’m. of liquid, which was 
lighter than water, possessed the odour of apples, and could be 
distilled at 10® without entering into ebullition. In analysing 
this liquid, 29 per cent of carbon and 6*1 of hydrogen were obtained, 
numbers which are in the atomic proportion of 4 C: 5 H, but inferior 
to those representing the composition of nitrite of ethyl, (32'0 and 
6*6), a deficiency which Laurent attributes to a loss in the analysis. 
The amount of nitrogen present Laurent assumes to be 1 cq., inas¬ 
much as a liquid boiling at so low a temperature, (which was, however, 
not determined), and containing only 26 per cent of carbon and G of 
hydrogen, could not contain more than 1 eq. of nitrogen. (We here 
observe, that though a connexion has been painted out betw'een the 
atomic constitution of compounds and their boiling-points, no rela¬ 
tion has as yet been established between percentage-composition and 
boiling-point; it is erroneous to assume that we may infer the 
atomic constitution from the boiling-point and then go back to the 
percentage; because the boiling-point may vary considerably if the 
equivalents are different, though the atomic constitution be the same). 
Laurent farther adduces, that Fournet also has obtained in this 
manner a liquid possessing all the properties of nitrous ether. 


(1) Ani). Ch. Pharm. LVII, 94, 95. 

(2) J. Pharm. [3] IX, 317. 

(3) Comp*. Rend. XXII, 633} Ann. CU. Phys. [3] XXII, 403} XXIV, 314} J. Pr. 
Chom. XLV, 348. 
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without, however, specifying to which properties the term all” here ecom- 
applies. When the action of nitric acid upon brucine at'the common position of 

* * . • 1 1 • • 1 1 t • brucine by 

temperature is terminated, the residuary solution deposits an orange- 
yellow, ciystalline compound, which Laurent calls cacothelinef and 
for which he proposes the formula Hjg N 4 O^q ; the following 
equation illustrates, according to Laurent, the decomposition of 
brucine by nitric acid, C 46 Hag Ng Og - 1 - 3 (IIO, NO 5 ) = C 42 H 22 N 4 Ogo 
+ 04 Hg O, NOg + Ji HO. Cacotheline dissolves in aqueous ammonia 
with a yellow colour, which on ebullition, turns green, and afterwards 
brown; once this solution deposited a yellow basic compound, inso¬ 
luble in alcohol and water, and containing the elements of hyponitric 
acid ; this compound gave with hydrochloric acid, a solution, yielding 
with ammonia a gelatinous, with bichloride of platinum an orange- 
red precipitate, which, when dried at different temperatures, assumed 
a black or a bluish-black colour.—Rosengartenjl) found that the 
gas evolved when brucine is acted upon by nitric acid in the cold, 
after having been dried by lime and chloride of calcium, contains 
carbon and hydrogen in the atomic ratio 4:6*1 and even 4:6*5, 
which docs not agree with the ratio in nitrous ether. In cacotheline 
he found numbers closely representing carbon and hydrogen as in 
Laurent^s formula; the nitrogen was about 1 per cent higher. 
Rosengarten observed that this compound crystallizes from an 
aqueous solution strongly acidulated with nitric acid, in beautiful 
yellow plates, and that its ammoniacal solution, when mixed with 
nitrate of silver, yields a ffocculent precipitate, detonating on exposure 
to heat. On distilling brucine with sulphuric acid and binoxide of 
manganese, the aqueous distillate was found to contain a body of 
peculiar odour, reducing nitrate of silver, and not altered by po- 
ta 88 a( 2 ). 

(1) Ann. Ch. Pham. LXV, 111; J. Pham. [3] XIII, 23*2. 

(*2) The heavy ethereal body obtained by Liebig is a constant product of the action 
of boiling nitric acid on brncine, and may be condensed by a common cooling apparatus; 
on passing the vapour evolved in the reaction over lime and chloride of caidum, this com- 
pound may have been condensed; at all events, it differs from the substance analysed 
by Laurent.—Baumert found that by treating brucine with binoxide of manganese 
and sulphuric acid, a volatile, combustible liquid is obtained, containing two bodies, of 
which the one has an add reaction and reduces silver-salts ; the other, which is the 
combustible body, dissolves in water in all proportions ; from this solution it is not 
separated by chloride of calcium, but by carbonate of potassa. After a first rectification 
over chloride of calcium, it contuned 31 per cent of carbon and 12*3—12*5 of hydrogen; 
after a second, 33*8—33‘9 of carbon and 12*3—12*5 of hydrogen. G. Merck, who 
appears to have obtained this body in a more anhydrous state, found, on analysis, 34*5 of 
carbon and 12*2 of hydrogen, and after another distillatiou, 37*8 of carlmn and 12*4 of 
hydrogen, numbers agreeing with the percentage of pyroxylic spirit.—We may adduce 
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Theobro. 

mine. 


Theobroitiiiic discovered by Woskresensky in cacao-beans, had 
been found, by the same chemist, to contain CgHjNgOaj this 
formula remained doubtful, Woskresensky having omitted to 
control it by a determination of the equivalent of the base. Glas- 
8 on(l), in I'epcating the analysis, arrived at exactly the same numbers 
for carbon and hydrogen as Woskresensky; he found, however, 4 
per cent less of nitrogen. His results lead to the formula N 4 O 4 J 
which is confirmed by the analysis of the platinum- and of the silver- 
salt. From a solution of theobromine in concentrated hydrochloric 
acid, the compound Hg O 4 , HCl is deposited in ci 7 stals, which 
are easily decomposed by water. At 100“ the whole of the acid is 
evolved. The nitrate O 4 , HO, NOg is obtained in oblique 

rhombic prisms, on dissolving the base in gently heated nitric acid. A 
dilute solution of nitrate of theobromine yields with nitrate of protoxide 
of silver, difiicultly soluble, brilliant needles, which contain H„ 

- 1 -AgO, NOg. Theobromine forms with bichloride of platinum, a 
double-salt, crystallizing in beautiful monoclinometric prisms pre¬ 
senting combination-planes of 00 P. 0 F. It contains 8*53 per cent 
= 4 eq. of water, and is, when dried at 100“, represented by the 
forraida H^ O 4 , HCl, PtCl. 

Glasson’s experiments show that the oxygenated bases form a 
series similar to those of various volatile bases, free from oxygen, and 
of the acids represented by the formula H„ O 4 . 


Ch N4 O4 = C16 lhoN 4 0 4 - C3 IIj. 

Theobromine. Caffeine. 


Both bases exhibit the same deportment with oxidizing agents. 
When carefully oxidized, by binoxidc of lead and sulphuric acid, 
theobromine yields a weakly acid substance, im^larting a purple-red 
colour to the skin, and decomposing hydrosulphuric acid, with 
deposition of sulphur. Many organic bases, as is well known, when 
acted on by powerful oxidizing agents, give rise to the formation of 
splendidly coloured compounds; researches in this direction promise 
results of great imporiance respecting our ideas of the constitution 
of this remarkable class of bodies. 


here, that leucine, nvhich presents some analogy with the organic bases, on distillation 
with sulphuric acid and binoxidc of manganese, yields a volatile combustible liquid, which 
is valeronitrile; when distilled with binoxide of lead, leucine yields at first butyraldehydc, 
and lastly ammonia, forming in the distillate crystals of butyraldehyde-aminonia. 

(1) Ann. Ch. Pharm. LXI, 335 j J. Pr. Chem. XLI, 92. 
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Caffeine. —In consequence of Payen’s(l) statement, that caffeine' 
contains CigHjoN^Og, Nicholson( 2 ) has repeated the analysis of 
this base, and of its platinum* compound. His results confirm, as 
was to be expected, the formula 0 ^^ N 4,04 which had been 

established by the well-concordant experiments of Liebig and 
Pfaff, Wohler, Mulder, and Stenhouse. Incidentally to his 
experiments, Nicholson has examined several new caffeine double 
salts.— Nitrate of protoxide of silver-caffeine, Cigll^oN^O^, AgO, 
NO 5 , crystallizes in white hemispheres, which are deposited on the 
sides of the vessel, on adding an excess of nitrate of protoxide of 
silver to a concentrated aqueous, or to an alcoholic solution of 
caffeine. — Caffeine-protochloride of mercury, Cjo HiqN^ O 4 , 2 Hg Cl, 
forms needles resembling the base, which are readily soluble in 
water, alcohol, hydrochloric, and oxalic acids, but almost insoluble in 
ether. — Caffeine-gold-salt, C,fl Hjo N 4 O4, HCl, Au CI3, is obtained 
as a beautiful lemon-yellow crystalline precipitate, on adding an 
excess of terchloride of gold to a concentrated solution of caffeine 
in hydrochloric acid. When washed with water, and dissolved in 
alcohol, it deposits long orange-yellow needles. When heated, the 
solution is decomposed, with separation of metallic gold.—Caffeine 
combines also with cyanide of mercury, and protochloridc of palla¬ 
dium. 

According to Rochleder(3) caffeine contains part of its carbon 
and nitrogen in the form of cyanogen; when boiled with poly¬ 
sulphide of ammonium, it yields a liqmd, giving with sesquichloridc 
of iron, a transient reaction of hydrosulphocyanic acid; when heated 
with soda-lime to 180”, together with carbonic acid and ammonia large 
quantities of cyanide of potassium are produced. A similar deport¬ 
ment is not exhibited by piperine, morphine, quinine, and cinchonine. 
On ebullition with chlorate of potassa and hydrochloric acid, caffeine 
is converted into a new body of a peculiar odom-, whose solution 
reddens the skin, and assumes with the alkalies, and with sdts of 
protoxide of iron an indigo-blue colour. Similar phenomena had 
been observed previously by Stenhouse when oxidizing caffeine with 
nitric acid, and by Glasson when treating theobromine with 
binoxide of lead and sulphuric acid.—Bichloride of platinum and 
caffeine yields on ebullition with dilute nitric acid a new double 
salt, crystallizing in six-sided tables. . 

(1) J. Pr. Chem. XXXVIII, 437; Berzelius’ Jahresber. X^CVII, 339. 

(2) Ann. Ch. Pharm, LXII, 71; J. Pr. Chem. XLI, 457 ; Phil. Mag. [3] XXXI, 116; 
Chem. Soc. Mem. Ill, 321: J. Pharm. [.3] XII, 293. 

(3) Ann. Ch. Pharm. LXIll, 201. 
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Berberine. —B 6 deker(l) has proved that the colombo-root of phar¬ 
maceutists, contains together with columbine and columbic acid a con¬ 
siderable quantity of berberine, combined with the latter acid. It is 
deposited in the yellow layers of the cellular membranes, mixed with 
a fatty substance, while columbine exists in the crystalline state in 
the cells of the root. Bbdeker^s analyses confirm the formula 
C42 Hig. N Og, proposed for berberine by Fleitmann. Berberine, 
when distilled with milk of lime or with hydrated protoxide of lead 
yields chinoline. 

6 . Kemp(2) recalls the fact, that as far back as 1839, therefore 
before Fleitmann, he has pointed out: the faculty possessed by berbe¬ 
rine, of combining with acids; he believes that Fleitmann’s formula 
is incorrect, and proposes on the ground of the analysis of the 
platinum-salt (experiment 46'23 of carbon, 3*68 of hydrogen, and 
18*05 of platinum) the formula C 42 N O^. It was, however, 
proved by Bodeker, that the platinum-salt, when carefully prepared, 
yields the proper percentage (17*53) of platinum. 

Harmaline. —Fritzscho(3) has published a comprehensive inves- 
tigation of harmaline and harmiuc, two organic bases, contained 
ready formed in the seeds of Peganum Harmala, the former 
of which, discovered by Gob el in. 1837, had been subjected to 
analysis by Varrentrapp and Will. Both bases occur in the 
shell of the seed and in the membrane just underneath it, \vhilc the 
interior nucleus is almost free. They are obtained by the following 
process: the seeds are finely powdered, and exhausted with water 
containing sulphuric or acetic acid; on nearly saturating the 
coloured extract with carbonate of soda, and adding chloride of 
sodium, the bases are perfectly precipitated in the form of hydro¬ 
chlorates, the filtrate yielding scarcely a farther tiace on addition of 
potassa. The precipitated hydrochlorates, which are still coloured, 
are washed with a eoncentrated solution of chloride of sodium, dis¬ 
solved in water, and decolourized by animal charcoal; the yellow 
filtrate is heated to 50—60®, and gradually mixed with ammonia, 
the liquid being continually and strongly stirred, when first harmine 
is precipitated, which under the microscope appears in needles, whilst 
harmaline forms plates. On carefully adding ammonia an accurate 


(1) Ann. Ch. Pharm. LXVI, 384; LXIX, 37; J. Pr. Chera. XLIII, 501; Instit. 
1848,193. 

(2) Chem. Gaz. 1847, 209. 

(3) Petcr8b. Acad. Bull. VI, 49; J. Pr. Chem. XLI, 31; XLII, 275; Ann. Ch. 
Pharm. LXIV,.360; J. Pharm. [3] XIII, 373. 
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separation is effected j finally, the harmaline is precipitated by an 
excess of ammonia. Fritzsche obtained from the seed nearly 4 per 
cent of bases, of which § were harmaline. The crude harmaline is 
purified by suspending «it in water, adding, drop by drop, acetic 
acid, until the larger portion is dissolved, and precipitating the 
dilute filtrate by means of nitrate of soda, chloride of sodium or 
hydrochloric acid; the harmaline-salt thus produced, after having 
been washed with a dilute solution of the precipitant, is dissolved in 
hot water, digested with animal chai'coal, until the solution appears of 
a pure sulphur-yellow, and, while still hot, it is precipitated by an 
excess of potassa. If the baseS be still coloured, the whole operation 
or part of it, has to be repeated. On filtering and washing, harmaline 
assumes usually a brownish colour, which occurs even more readily if 
ammonia has been used as the precipitant. The base forms leaf-like 
expanded, scaly crystals, of nacreous lustre, which are the larger, the 
slower the precipitation took place. If air be carefully excluded, har- 
inaline is deposited from alcohol in large colourless crystals, whose 
form, according to Nordenskiold's(l) determination is a rhombic 

pyramid P with « P oo, oo P co and P oo . The ratio of the prin¬ 
cipal and both lateral axes is 1:1'804: 1*415; the angles of the 
terminal edges at P arc 11G'’34' and ISPIS', the angle of the lateral 
edges is 83^54'. 

Harmaline is difficultly soluble in water, and nearly tasteless; the 
salts have a purely bitter taste. It dissolves slightly in cold, and 
readily in boiling alcohol, ether^dissolves so little, that alcoholic 
solutions are precipitated by ether. Harmaline, when heated with 
ammonial salts, liberates the ammonia. In analysing this base, and 
several of its salts, Fritzsche obtained results, which can be recon- 
ci!ld only with the formula Hj^ Nj Og (theory 73*6 of carbon, 
6*34 of hydrogen, and 12*7 of nitrogen; experiment 73*15—73*92 
of carbon, 6*52—6*70 of hydrogen, and 12*33 of nitrogen). This 
formula is supported by the analysis of harUiine, and the bases 
produced from harmaline by the action of nitric and hydrocyanic 
acids, which will be mentioned hereafter; still it is suspicious on 
account of the odd number of carbon-equivalents; which, as in the 
case of berberine, closely allied with harmaline, may probably be 
raised to a number divisible by 14, namely, to 28, if the determina¬ 
tion of the carbon be again carefully repeated. 

The salts of harmaline are of a pure sulphur-yellow; even the 


Harioa 

line. 


(1) Petersb. Acad. Boll. VI, {>8. 
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purest base yields yellow solutions, which impart a yellow colour to 
cloth mordantized with alum; this colour, however, is so feeble, and 
of so little stability, that harmalinc cannot be classed among the 
colouring matters. ^ 

Hydrochlorate of harmaline, Hj,j Ng Og, HCl + 4 HO, is best 
prepared by precipitating the acetate with an excess of hydrochloric 
acid, and washing the precipitate with the acid in a dilute state; it 
forms delicate yellow needles, containing 13*30 per cent (4 equivs.) 
of water of crystallization, and is readily soluble in water and alcohol. 
'-rHydriodate and hydrobromate of harmaline resemble the preceding 
salt.—The platinum-salt is yellow and crystalline, and contains 
CgyHj^NgOg, HCl, PtClg (theory 38*07 of carbon, 3*51 of hydrogen, 
and 33*13 of platinuin-j experiment 37*63 of carbon, 3*54 of hy¬ 
drogen, and 33*37 of platinum).—Harmalinc produces a crystalline 
compound also with protochloride of mercury.—Of the numerous 
salts described by Fritzsche, we mention the two combinations with 
chromic acid. The neutral chromate is formed by satui’ating a 
solution of acetate of harmaline with solid neutral, chromate of 
potassa, when the neutral chromate of harmalinc is separated after 
some time in form of a yellow thick liquid which is soluble in water, 
and gradually becomes crystalline and insoluble when left to itself. 
Bichromate of harmaline^ Cg^ Hj.^ Ng O 4 , HO, 3 CrOg, is precipitated 
in orange-red tufts of crystals, directly upon adding chromic acid 
or bichromate of potassa to a solution of the base. The precipitation 
is nearly complete. When heated above 130® it is decomposed into 
harmine, which sublimes, and a residue containing sesquioxide of 
chromium.—^There exists a sulphate and a bisulphate of harmaline; 
both are crystalline; the sulphite forms a yellow varnish; the hydro- 
ferrocyanate is .a brick-red powdery the hydroferrieyanate crystallises 
in greenish-brown prisms, the hydrosulphocyanate, nitrate and phos¬ 
phate in yellow needles. Hydrosulphate and carbonate of harmaline 
(deposited in the crystalline form, the former, by adding to the acetate 
sulphide of ammonium, the latter, by decomposing the acetate with 
bicarbonate of soda) are readily decomposed. Acetate of harmaline 
crystallizes only with difBculty; when heated it loses the acid. 

Harmine. — Harmineif), (formerly called leucoharmine by 
Fritzschc), as stated above, is ready formed in harmak-seed, together 
with harmaline, and may be artificially prepa^^d from the latter. On 
heating chromate of harmaline to 130° in a capacious flask, air being 
as carefully as possible excluded, a sudden decomposition takes place 

(1) Pelcrbb. Acad. BuU. VI, ^42. 
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in the whole mass, harmine being formed, part of which sublimes. The 
residue (amounting to 65 per cent) yields to alcohol or water* acidu¬ 
lated with hydrochloric acid the new base (about 25 per cent of the 
harraaline-salt employed), which may be precipitated from th^.a^id so¬ 
lution by an alkali. Harmine is obtained in larger quantity by«heating 
nitrate of harmaline with a mixture of alcohol and hydrochloric acid, 
until ebullition ensues by the action of the acid on the alcdh<4< On 
rapidly cooling, hydrochlorate of harmine is precipitated, which is 
dissolved in water, and precipitated by an alkali. The crude harmine, 
containing harmaline, is dissolved in alcohol and a sufficient funount 
of hydrochloric or acetic acid; the solution is digested with animal 
charcoal, and, while still hot, precipitated with a sufficient quantity 
of ammonia. On rapidly cooling, harmine separates first in crystals, 
from which the mother-liquor has to be decanted directly.—Haitmine 
forms colourless, very brittle crystals, very brilliant and powerfully 
refractive of light; their form is a rhombic prism of 134®!^!' and, 
65'’42^ It exhibits the same solubility as harmaline, but is less 
basic; its salts ai'e colourless, and of a purely bitter taste,, when 
mixed with an alkali, they yield oily droplets, which gradually 
become crystalline, just os in the case of the harmaline-salts. 
Fritzsche proposes the formula Hjg Nj Og for this base; (theory 
74*35 of carbon, 5*49 of hydrogen, and 13*83 of nitrogen; 5 expe¬ 
riments gave 73*89—74*61 of carbon, 5*33—5*77 of hydrogen, and 
13*03 of nitrogen). Hence the conversion of harmaline into harmine 
is due to the elimination of 3 equivs. of water. 

Hydrochlorate of harmine^ Cgj Hjq Ng Og, HC1 + 4H0, separates, 
nearly completely, on addition of an excess of dilute hydrochloric 
acid to a solution of the base in this acid. It forms delicate needles, 
containing, when dried in the air, 12*38 per cent (4 equivs.) of 
water; from strong alcohol it crystallizes without water.—The 
platinum-salt contains, according to Fritzschc^s analysis, 37*90 
of carbon, 3*17 of hydrogen, and 33*35 of platinum; the formula, 
C 27 HjgNgOg, HCl, PtClj, requires, 38*26 of carbon, 3*06 of hydro¬ 
gen, and 33*23 of platinum.—Both the neutral sulphate, Cgy Hjj Nj 
Og, SO3 + 2 HO, the bisulphate, C37 H ,2 Ng Og, 3 (HO, SO3), and the 
binoxalate, Cg^HiaNaOg, 2 (HO, C3O3), form needle-shaped cry¬ 
stals. The solution of acetate of harmine is decomposed, on evapora¬ 
tion, with separation o^e base; the bichromate, Cgy H^g Ng Og, HO, 
3 Cr 03 , when heated, Whibits a deportment similar to that, of the* 
harmidine-salt, a new base being produced, which has not, as yet, 
been farther examined. Combinations witK carbonic and hydrosul- 
phuric acids, could not be obtained. 
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Hydrocyanoiiarmaline. —Ilarmaline has a remarkable tendency to 
combine with hydrocyanic acid, a substance being produced which 
cannot be considered as a hydrocyanate, inasmuch as it is decom¬ 
posed neither by alkalies, nor by strong acids, but possesses the 
properties of an organic base. Fritzsche calls this substance 
hydrocyanoharmalme{\.)‘ It is prepared by dissolving harmalinc in 
a dilute alcoholic solution of hydrocyanic acid, or by adding hydro¬ 
cyanic acid to the acetate, or more rapidly, by decomposing a 
harmaline-salt with cyanide of potassium. From an aqueous 
solution this compound is precipitated in the amorphous, from an 
alcoholic solution, in the crystalline state j an admixture of harma- 
line may be removed by dilute acetic acid. Hydrocyanoharmalinc 
crystallizes in thin rhombic plates, which are not altered in the air; 
at 180'’, or by ebullition with water or alcohol, they are completely 
decomposed into hydrocyanic acid and harmalinc. Analysis led to 
the formula, C^g HigN, OgsrCgy No 0^, HCy (theory 70'68 of 
carbon, and 6-05 of hydrogen; experiment 69‘8l of carbon, and 
6*49 of hydrogen). Hence it contains 10‘92 per cent of hydro¬ 
cyanic acid (experiment 10-96). 

Hydrocyanoharmalinc saturates the same amount of acid as the 
harmalinc contained therein; its salts, which are colourless, iire 
formed by directly acting with the acids on the compound; they arc 
readily decomposed by drying and keeping into hydrocyanic acid 
and yellow salts of harmalinc; this decomposition ensues even, if 
dilute solutions be employed in preparing the compound. Hydro- 
chlorate of hydrocyanoharmalinc, ^29 Hjg Njj O 2 , IICl, forms micro¬ 
scopic rhombic octohedrons, with secondary planes (theory, 12*85; 
experiment, 12*86 of hydrochloric acid). When heated with an 
excess of nitric acid, hydrocyanoharmalinc is .ponvft»tcd, with evolu¬ 
tion of nitrous fumes, into a purple-red liquid, which, on cooling, 
deposits a powder of the same colour, but vary unstable, and turning 
green when treated with ammonia. Together with this red com¬ 
pound other substances are produced, which Fritzsche has not 
as yet examined. * 

Nttroharmaiine. —^This base, which Fritzsche described for¬ 
merly under the name chrysoharmine, is obtained by the.action of 
an excess of nitric acid upon harmalinc, which loses 1 equiv. of 
hydrogen, and assimilates 1 equiv. of hyponitne acid(2). Fritzsche 


(l) Petersb. Acad. Bull VI, 289; J. Pr. Cbein. XLIII, 144; J. Pham. [3] XIV, 73; 
Ann. Ch. Pharm. LXVIII, 361. 

C2) Petersb. Acad. Bull. VII, 129; J. Pr. Chem. XLIV, 370; Ann. Cli. Pharm. 
I.XVIII,J55. 
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recommends to heat gently a solution of 1 part of harmaline in 
from 6 to 8 parts of alcohol of 80 per cent, with a mixture of 2 parts 
of sulphuric acid, and 2 parts of moderately concentrated nitric 
acid ; after a short ebullition the liquid is rapidly cooled, when the 
base is separated as bisulphate. This salt is washed with alcohol, 
acidulated with sulphuric acid, dissolved in hot water, and decom¬ 
posed by an alkali, with the precaution of adding the latter drop by 
drop to the cold solution, until a slight but permanent precipitate is 
produced, and the filtrate has assumed a pure golden-yellow colour; 
this is now mixed with a few drops of an acid, heated to 40® — 50®, 
and completely precipitated by an excess of alkali. If nitroharma- 
line contain an admixture of harmaline, or harmine, the mass 
is suspended in water, and dissolved in a satiijrated aqueous solution 
of sulphurous acid, when sulphite of nitroharmaline is rapidly 
deposited, which is washed with sulphurous acid, and decomposed as 
above directed. 

Nitroharmaline forms pale-yellow, very slender prisAs, which 
are but slightly soluble in cold, but dissolve more readily in boiling 
water ; its saline solutions arc not completely precipitated by the 
alkalies. It is easily soluble in alcohol, and both ethereal and fatty 
oils, but only slightly so in ether; a cold saturated alcoholic solution 
of the base is not precipitated by ether. At the boiling tempera¬ 
ture, nitroharmaline decomposes the salts of ammonia. In four 
analyses of this compound, Fritzsche obtained G0*37 — 61*84 of 
carbon, 5*01 — 5*22 of hydrogen, and 14*61 —16*24 of nitrogen. 
On these data, and on the analysis of the hydrochlorate and the 
platinum-salt, lie calculates the formula Cg^ Hu, N 3 Og, which - 
requires 61*17 of carbon, 4*89 of hydrogen, and 15*^ of nitrogen. 

Hydrochlorate of nitroharmaline, Cg^ Hjg Ng Og, HCl (theory, 
12*08; experiment, 12*14 of hydrochloric acid), is obtained by 
adding hydrochloric acid to an alcoholic solution of the base, or 
to an aqueous one of the acetate; it forms yellow, slender prisms.— 
The platinum-salt is a pale-yellow, flocculept precipitate, which 
gradually becomes darker and crystalline; it ccKatains ^27 ^3 

HCl, Pt Clg (theory, 34*43 of carbon, 2*96 of hydrogen, and 20*91 
of platinum; experiment, 34*21 of carbon, 3*08 of hydrdgen, and 
21*09 of platinum).—^There exists a neutral sulphate, and a bisuU 
phate (f nitroharmaline; they are both yellow and crystalline, 
the former easily, the Hitter but sligh^y soluble in cold water; 
the bisulphate has the formula Ng Og, 2 (HO, SO 3 ), (theory 

22*04, experiment 21*98 of sulphm*ic acid). Fritzsche mentions, 
moreover, compounds of nitroharmaline with protochloride of 



496 


ORGANIC CHEMISTRY. 


Nltrohar- 

nialiDe. 


mercury, with hydriodic, hydrobromic, hydroferro-, hydroferri-, and 
hydrosulphocyanic acids, with sulphurous, nitric, carbonic, oxalic, 
acetic, and chromic acids. The carbonate exists only in solution; 
the oxalate and acetate are both very soluble. Nitroharmaline 
exhibits the same deportment with hydrocyanic acid as harmaline, 
a new compound being produced, which has not yet been more 
minutely examined. 

CorydaHne.— In subjecting this body to a new analysis, Ruick- 
holdt(l) has obtained results differing from those of Fr. Ddbe- 
reiner. He found 60*19 of carbon, 6*89 of hydrogen, 3*01 of 
nitrogen, and 30*89 of oxygen; the formula C 45 Hg, N Ojg, however, 
which he deduces from these results deserves no confidence. Wac- 
kenroder{ 2 ) states that hydrdchloratc of corydaline crystallizes in 
right rhombic prisms, with right six-sided terminal planes; they are 
yellowish-green, brittle, and of a penetrating bitter taste. It dis¬ 
solves in water and alcohol, and yields, with ammonia, white flakes 
of corydaline^ the base is easily soluble in an excess of soda. 
Hydrochlprate of corydaline loses, according to Waekenroder, 
at 100", ^*6 per cent, at 170", 8*01 per cent more of water, and 
contorts 16*78 per cent of hydrochloric acid; upon these data, 
Wudkenroder calculates the formula C 5 Q HjqN Og^, 2 HC1 +12 HO, 
which likewisiii requires additional experimental evidence.—Ruick- 
holdt, in preparing the base from the tubers of Corydalis tube- 
rosa, used a method, not essentially differing from that of Wacken- 
roder(3), and by which coi^daliue appears to be partially converted 
into the amorphous state. 

Disltaune.— W alz(4) recommends the following method of prepa¬ 
ring digitaline, as the most appropriate. The alcoholic extract of 
the dry -plant (prepared with eight times its (freight of spirits of 
wine, of the spec. 0*852) is treated 4 iwith water, as long as it 
yields to it a bitter^aste. The aqueous solution thus obtained is 
digested with levigated protoxide, and mixed with tribasic acetate of 
lead, until the latter ceases to produce a farther precipitate; the 
filtrate is then fre^^rom lead by sulphuric acid, neutralized with 
ammonia, and the digitaline is precipitated by means of tannin. It 
is washed and triturated either with freshly precipitated protoxide of 
lead, or with a mixture of the common protoxide and the tribasic 


(1) Arch. Phami. [2] XLIX, 139; Aun. Ch. Pharm. LXIV, 369. 

(2) Ibid. [2] XLIX, 153. . 

<3) Kaatn. Arch. VII, 417; Berzelius’ Jahresber. VII, 220. 

(4) Jahrh. Pr. Pharm. XIV, 20 . i 
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acetate, and repeatedly exhausted with alcohol. The extract, when 
treated with hydrosulphuric acid, and gently evaporated, deposits the 
base as a crystalline, yellowish-white mass.—In order to save alcohol, 
the aqueous decoction of the plant may be treated in the same 
manner as the aqueous solution of the alcoholic extract. 

cratioiine. —By subjecting Gratiola officinalis to the process 
indicated for digitaline, Walz(l) obtained a substance very similar 
to the latter compound, which he termp gratioline. 

AKrositeminine.—^By exhausting the seed of Agrostemma Githago 
with dilute spirits, containing acetic acid, boiling the tincture, when 
freed from alcohol, with magnesia, and treating the precipitate, thus 
obtained, with alcohol, Schulze(2) obtained yellowish-white fusible 
plates, difficultly soluble .in water, but more readily so in alcohol. 
The solutions of this substance, which presents all the charaOtm^ of 
an organic base, have an sdkaline''''reaction. Agrostenunine, .the 
peculiarity of which has still to be decided by elemmitary analysis, 
occurs, according to Schulze, principally in the seed-vessel of the 
plant. * , 

Organic Bases contalnliiK Phosphorus.— P. Thenard has made 
the following additions(3) to his former preliminary ed^niunica- 
tions(4), respecting the compounds formed, at a high temperature, 
by the action of chloride of methyl on phosphide of cjdcium.’ This 
process gives rise to the production of five new phosphoru^-]^pdies, 
two of which are sohds, while the remainder are liquids. One of the 
latter is a powerful organic base, CgHgP, which, by ^oxidation, is 
converted into an acid; the other is a colourless, transparent, Syrupy 
liquid, insoluble in water, and of a very disagreeable odour, ^is 
compound which contmns Hg P, boils at* 250“; it is self-in^m- 
mable; when exposed, however, to the gradual action of oxygen, it 
is transformed into a' crystalline acid. When treated with hydro¬ 
chloric acid gas, it yields first a stable crystaltme salt, and subs^> 
quently an acid liquid compound of less stability : the last prodtieti^' 
of the action of hydrochloric acid are the hydrochlorate of the base 
Cfl Hg ?, and a.yellow body Cg Hg Pg, which is^steless and inodo¬ 
rous.—^The crystalline hydrochloratc of the compound is* 

soluble, without decomposition, in water atO. When gently .heated, 
however, it assimilates the elements of water, and yields the same 

(1) Jahrb. Pr. Pharm. XIV, 22. ’ . 

(2) Arch. Pharm. 12] LV, 298; LVI, 163; Ann. Ch. Pharm. LXVIIl, 350. 

(3) Coinpt. Rend. XXV, 892; Phil. Mag^ [3] XXXII, 153. 

(4) Prom Instit. 1846, Nr. 602 in ^erselins’ Jahresber. XXVI, 598. 
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acid which arises from the base Cg Hg P, and a new gas Cg II 5 P 
=€2 Hg, PH.,; the latter combines with an equal volume of oxygen, 
and is converted into a very acid liquid; with 1 or 2 vols. of hydro¬ 
chloric acid gas it is condensed into , a crystalline compound, from 
which the new gas is liberated again on addition of water. P. Thc- 
nard considers these most remarkable bodies to be compounds of the 
thrc.e hydrides of phosphorus, Pg H, PHg and PH.„ with 1, 2, or 
3 equivs. of methylene,* Cg H 2 - Hence, the base is PHg, 3 Cg Hg, 
the self-inflammable body, PHg, 2 Cg Hg, and the yellow compound, 
Pg H, CgUg. Thenard mentions, moreover, that a series of similar 
bodies is produced, by the action of chloride of ethyl upon phosphide 
of calcium. The interest excited by these compounds, is still raised 
by the discovery lately (1849) made by Wurtz(l), that ammonia 
yields analogous bases with methyl and ethyl, confirming, in a beau 
tiful manner, a conjecture previously enunciated by Thenard. 

Tbiaidine —By passing’ hydrosulphuric acid gas through a solu¬ 
tion of aldehyde-ammonia (free from alcohol and ether), in from 
12 — 15 parts of water, containing for every ounce of liquid about 
ten or fifteen drops of ammonia-solution, Liebig and Wbhlcr( 2 ) 
obtained large, camphor-lik-c crystals of a new organic base, free 
from oxygen, but containing sulphur, which they designate by the 
name thialdine (contracted from ^tiov, sulphur, and aldehyde). 
The crystals, which are completely deposited after four or five hours, 
are collected on a funnel, freed from sulphide of ammonium by 
washing with water, and dried between bibulous paper. Their 
solution in ether containing | of its bulk of alcohol, when slowly 
evaporated, yields regular rhombic tables of considerable size.— 
It happens, sometimes, that instead of the crystals, a colourless 
heavy oil, of a most oflensive odour, is producedfk in this case, the oil 
is allowed to subsi^, and after the separation of the aqueous layer 
it is agitated with* vol. of ether, in which it dissolves forthwith. 
This ethereal solution is mixed with a little hydrochloric acid, in a 
well-corked flask; a magma of crystals of hydrochloratc of thialdine 
is at Once produced, which is collected upon a filter, and separated 
from adhering oil by means of ether. The base itself is finally 
obtained by wetting the dry hydrochlorate with concentrated ammo¬ 
nia, and dissolving the thialdine in ether. It is then ciy'stallized in 
the above manner.—Thialdine is obtained in colourless transparent 

(1) Compt. Rend. XXVIII, 223. 

(2) Ann. Ch. Pharm. LXI, 1; Phil. Mag. [3] XXX, 470; Chem. Soc. Mem. 111,303; 
J. Pharm. [3] XI, 398. 
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brilliant crystals, of the form of gypsum, powerfully refracting light, 
and possessing a peculiar aromatic, and after some time, disagreeable 
odour. They fuse at 43®, and solidify at 43®, with crystalline 
structure; they evaporate even at the common temperature, and 
may be volatilized with water, but like aldehyde-ammonia, cannot 
be distilled alone without decomposition.—Thialdine is but slightly 
soluble in water, but dissolves readily in alcohol and ether; when 
powdered, it liquefies in ether-vapour. Thialdine is without alkaline 
reaction; it contains Hjg N S^.—The formation of thialdine is 

represented by the following equation : 

3 C4 H, N Oj + 6 HS = C,3 II13 N + 6 no + 2 NH^ S. 

«- , -» .- „ -. 

Aldehyde-ammonia. Thialdine. 

According to Wohler afid Liebig, it may be considered as a con¬ 
jugate compound of 1 equiv. of NH 4 .S, with S, i. e. with 

3 equivs. of a sulphide corresponding to oxide of acetyl.—The com¬ 
pounds of this base, with acids, are readily crystallizable, soluble 
in alcohol, and insoluble in ether. ‘W’hen heated with nitrate of pro¬ 
toxide of silver, they are decomposed like thialdine itself,protosul])hide 
of silver being precipitated, and aldehyde evolved.—Protocyanide of 
mercury yields, with thialdine, a white precipitate, which, on ebulli¬ 
tion, is converted into amorphous protosulphide of mercury. On 
performing this reaction in a retort, a fine sublimate is formed, 
consisting of delicate needles, which are insoluble in water, but 
dissolve in alcohol and ether: this substance is not yet sufficiently 
examined, it appears to be thialdine, in which part, or the whole of 
the sulphur is replaced by cyanogen.—When heated with hydrate of 
lime, thialdine yields leucoline .—^Hydrochlorate of thialdine, Hjg 
N Sj,, HCl. A saturated solution of the base in dilute acid yields, 
on evaporation, colourless transparent brillian^ prisms, frequently 
of an inch in length, which turn brown on heating, writh evolution of 
an offensive gas, chloride of ammonium being sublimed .—Nitrate of 
thialdine, Cig H 13 NS^, iHO, NO 5 . It is best prepared by agitating an 
ethei'oal solution of impm*e thialdine -with moderately strong nitric 
acid, washing with ether the crystalline magma produced, and 
recrystallizing from water. It forms delicate white needles, very 
soluble in water, but insoluble in ether.—If crystallized thialdine be 
left for some time in contact with sulphide of ammonium, a heavy 
oleaginous body is produced, which is not miscible with water; 
the same body is frequently obtained in preparing thialdine. This 
substance, as well as the cyauogeq-product above-mentioned, deserve 
a more minute examination. 


Ttiialdine. 


K K 2 
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Seienaidine. —^By passing into aldehyde-ammonia a current of 
hydroselenic acid (disengaged from selenide of iron by dilute sul¬ 
phuric acid, in an air-tight apparatus), Liebig and Wohler obtained 
crystals of seienaidine, apparently isomdrphous with thialdine, but of 
so little stability that they could not be subjected to analysis. It has 
a feeble, but disagreeable odour, and assumes at once a yellow colour, 
when exposed to the air; its solution, too, deposits, in contact with 
air, immediately, an orange-yellow amorphous body, insoluble in 
alcohol and ether, and fusible in hot watW. They did not succeed in 
preparing telluraldine. 

Carbothlaidlne.—According to Liebig and Rcdtcnbacher(l), 
if bisulphide of carbon be added to an alcoholic solution of alde¬ 
hyde-ammonia, brilliant ^hite crystals of a new base arc deposited, 
after some minutes, for which they propose*the name carbothialdine. 
It is insoluble in water and cold ether, but dissolves readily in boil¬ 
ing alcohol, from which it crystallizes without alteration. It is’ 
likewise soluble, without decomposition, in dilute hydrochloric acid; ^ 
the solution solidifies, after some time, to a yellowish-white magma, 
insoluble in water; when boiled with hydrochloric acid, carbothial- 
dine yields chloride of ammonium, bisulphide of carbon, and alde¬ 
hyde. On adding to a hot alcoholic solution of carbothialdine, 
oxalic acid and subsequently ether, oxalate of ammonia is separated 
in crystals; silver-salts produce a greenish-black precipitate, which 
is rapidly converted into protosulphide of silver; with protochloride 
of mercury and copper-salts, precipitates, respectively yellowish-white 
and green, are formed. Analysis led to the formula C 5 Hg N Sg, 
which may, perhaps, be doubled or quadrupled by a determination of 
the equivalent, which is still wanting. The formation of carbo- 
thialdinc is represented by the following equatioift 

C4 N H, Oa + CSj — Hj Oj = Cg H5 NSj 
Aldehyde-ammonia. Carbothialdine. 

cyanetbine. —According to Frankland and Kolbe(2) cyanide of 
ethyl, as mentioned under that head, 'when acted on by potassium 
yields a gas presenting the composition and condensation of methyl, 
Cg H 3 , a viscid yellowish residue being left, which should contain 
carbon, hydrogen and cyanogen in the relation expressed by the 
formula Cg Hg Cy. Cold, water extracts from this residue a eon- 
siderable quantity of cyanide of potassium, a white body remaining. 


(1) Ann. Ch. Pharm. LXV, 43. (2) Ibid. 269 j Chem. Soc. Qtt. J. I, 60. 
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which crystallizes from a boiling aqueous solution in nacreous plates, *^“ 2 ; 
presenting the properties of an organic base for which Frankland 
and Kolbei^roposc the name cyanethine .—Cyanethine is white, in¬ 
odorous and tasteless; it fuses at 190", boils at 380°, with partial de¬ 
composition, and dissolves readily in alcohol, but only sli^tly in cold 
water. It has a feebly alkaline reaction; ebullition with potassa- 
solution, or fusion with the hydrate, have scarcely any effect upon it. 
Analysis led to the formula Cjg Hjg N 3 , showing that it has the 
same composition as cyanide.of ethyl, but the triple equivalent. 
Cyanethine is readily soluble in acids, giving rise to the formation of 
salts soluble in water and alcohol, which have an astringent bitter • 
taste; from these salts, part of which crystallize with remarkable 
beauty, the base is precipitated both by caustic and carbonated 
alkalies .—Nitrate of cyanethine C^g Hj. N 3 , HO, NO 5 is neutral; it 
crystallizes in large colourless crystals; the sulphate and hydro- 
chlorate are uncrystallizable. The platinum-double salt Cjg Hjg Ng, 

|HC1, PtCla, crystallizes from water in large ruby-red octohedrons, 
which arc pretty solubk in alcohol, and in a mixture of the latter 
with ether. The conditions which occasion the transformation of 
cyanide of ethyl into cyanethine have not been discovered by Frank¬ 
land and Kolbe; it is formed in small quantity (only a small per¬ 
centage of the cyanide of ethyl employed), by adding the cyanide, 
drop by drop, to potassium; by operating.in the reverse manner, no 
cyanethine is obtained. Cyanide of ethyl is not changed when 
exposed^with dry cyanide of potassium to a temperature of 240® in a 
sealed tube. 

Organic Bases In'Oleum Animale DIppelli.* —Anderson(1) has 
published an investigation of the organic bases contained* in (Jbe 
products of distillation of animal matters. As material he used oil 
of marrow, obtained in the preparation of bone-black, and consisting 
chicflyl^of the''products of decomposition of gelatine, inasmuch as the 
bones previously to their distillation in iron cylinders are boiled with 
large quantities pf water, in order to separate the fat. The crude com¬ 
mercial oil is dark-brown, nearly" black, and of a spec. grav. .0*970. 

It yields its basic constituents to acids, which, when employed in the 
concentrated state and in excess, dissolve also a non-basie oil which 
is readily decomposed; by the alkalies an acid oil is extracted, and 
a pretty considerable quantity of hydrocyanie acid. Firewood moist¬ 
ened with hydrochloric acid, when exposed to the vapour of the crude 

(1) Traus. Royal Soc. of Edinb. XVI, 4; Phil. [3] XXXIII, 174; Ann. Gh. 

Phonn. LXXX, 32 ; J. Pr. Chem. XLV, 153; J. Pharm. [3] XIV, 372. 
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^seS^iH rapidly assumes the purple-red colouration characterizing pyrrole. 

By subjecting the oil in portions of about ISlbs. to fractional distilla- 
Dippeiii. tion, in half-filled iron retorts, at first an aqueous Uquidfts obtained, 
containing ammonia and volatile bases^ while at the same time a 
yellow oil passes over. The last three-fifths of the distillate become 
darker, and less fluid in proportion as the boiling-point rises ; the 
last portion exhibits a transitory dark reddish-brown colour in trans¬ 
mitted, a green colour in reflected light, and becomes rapidly 
opaque. All the distillates contain basic bodies, about per cent 
of the crude oil consists of more volatile and from 2 to 3 per cent of 
•less volatile bases. Anderson first describes the separation of the 
bases in the more volatile portion of the distillate. This liquid is 
left in contact with sulphuric acid containing 10 parts of water for 
eight days or a fortnight; more water is then added and decanted; 
this treatment is repeated until basic bodies cease to be dissolved. 
The red or dark-brown liquid, which contains non-basic oils and 
pyrrole, is mixed with more sulphuric acid, evaporated, filtered, and| 
distilled with an excess of alkali. The first distillate is an aqueous^ 
solution of the more volatile bases j the receiver is changed as soon 
as an oil passes over, which is heavier thjm water; the oil floating on 
the surface of the concentrated salt-solution in the retort contains 
some of the less volatile bases. On adding solid potassa to the 
distillate, the bases dissolved are separated, with the exception of a 
small quantity of those which are most volatile, and which can be 
obtained only by distilling with a very large excess of potassa. On 
submitting the mixture of bases to fractional distillation, ammonia is 
disengaged first; at 71® the liquid enters into ebullition, a light 
tmnsparent oil passing over; from 100® the receiver is changed 
every 10®. In this manner considerable quantllies of distillate arc 
obtained between 132 and 137®; the thermometer then rises rapidly 
until another basic oil is obtained between 151 and 179®, which is 
only difficultly soluble in water; as soon as the distillate, when 
treated with hypochlorite of lime, exhibits the reaction of Aniline, 
the receiver needs no longer to be changed, the distillate consisting 
almost entirely of this base. 

Pctmine. —^Anderson first describes the base contained in the 
most volatile portion of the distillate; he calls it petinine (from 
irereivoQ, Volatile). It is obtained in a state of purity, by submitting 
the first portion of the distillate mixed with the small quantity, which, 
as mentioned above, could be obtained only by distillation with an ex¬ 
cess of potassa, to repeated distillation. A large quantity of ammonia 
having been evolved, the product distilling towards 80® is petinine. It 
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is a transparent colourless liquid^ powerfully refracting light, and of 
a ])ungent most disagreeable odour, recalling, when dilute, that of 
putrid apples. It dissolves in all proportions in water, alcohol, ether, 
and oils, the solutions have an acrid burning tastb, and are alkaline. 
It boils at 79‘5'’; its vapour forms with hydrochloric acid gas white 
fumes. This substance combines with concentrated acids, with 
evolution of heat; it precipitates salts of sesquioxide of iron and 
protoxide of copper; the latter oxide dissolves with a blue colour in 
an excess of the base. Anderson proposes for petitine the formula 
Cy N (theory 66*66 of carbon, 13*88 of hydrogen, and 19*37 of 
nitrogen ; experiment 66*66 of carbon, and 13*9ji of hydrogen). 
The platinum-salt is Cg Hjo ,N, HCl, PtClg (theory 17*26 of carbon, 
3*96 of hydrogen, and 35*45 of platinum j experiment 16*93 of 
carbon, 4*17 of hydrogen, and 35*34—35*54 and 35*51 of platinum). 
Gci*hardt(l) considers the formula Cg Hu N more probable (theory 
65*75 of carbon, 15*0 of hydrogen; in the platinum-salt, 17*2 of 
I carbon, 4*3 of hydrogen, and 35*26 of platinum). The latter formula 
would represent the butyric acid term corresponding fo the bases 
of the methyl- and ethyl-series, Co Hg N and Hy N lately dis¬ 
covered by Wurtz. 

The salts of petinine crystallize easily, and are permanent in the 
air; they may be sublimed without decomposition if their acid be 
volatile. The neutral sulphate yields, on evaporation, a bisidphate 
crystallizing in leafy plates, and deliquescing in moist air; the nitrate 
sublimes in* delicate woolly crystals, the hydrochlorate in needles. 
The platinum-double salt crystallizes from boiling water in golden- 
yellow plates, resembling protiodide of lead.—Petinine is but diffi¬ 
cultly decomposed by nitric acid, but immediately destroyed.by 
hypochlorite of lime, a very pungent odour being evolved; the 
solution remains coloui’less. An a(iueous solution of bromine sepa¬ 
rates from solutions of petinine a heavy yellow oil insoluble in acids, 
hydrobromate of petinine remaining in solution. * 

Picoiine.—In a paper published in 1846 (2), Anderson showed, 
that coal-gas naphtha contains, along with aniline, leucoline and 
pyrrole, another -base isomeric with aniline, to which he gave the 
name picolim. His supposition that this compound is the chief con¬ 
stituent of odonne, described by Unverdorben as one of the 

(1) J. Pham. [3] XIY, 378 j Laurent and Gerhardt’s, Compt. Rend, des Trav. 
Chim. 1849,121. 

(1) Trans, of the Roy. Soc. of Edinb. XVI; Ann. Ch. Pharm. LX, 80*; J. Pr. Chetn. 
XL, 124 ; Berzelius’ Jahrosber. XXVII, 370; J. Pharia. [3] XI, 393. 
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components of DippePs oil, has been proved to’ be correct by a 
more minute examination. The fraction distilling between 132 and 
137® is picoliiie N. The analysis both of the base and the 

platinum-salt propped from DippePs oil, leaves no doubt in this 
respect. 

Aniline. —^Barral(l) has determined the vapour-density of aniline. 
He found it to be 3*210. The theoretical value of the formula 
Cj 2 N, representing 4 vols. of vapour, is 3*202. 

Pbospiiates of Aniline. —Nieholson(2) has investigated the com¬ 
pounds of aniline with phosphoric acid; he succeeded in obtaining 
the salts formed by this base with common phosphoric acid and with 
.pyro- and metaphosphoric acid. • On adding an excess of aniline to a 
concentrated solution of tribasic phosphoric acid, a magma of crystals 
is produced, which when recrystallized from boiling alcohol, yields 
nacreous plates, resembling thionurate of ammonia. This phos¬ 
phate has a slightly acid reaction; it dissolves readily in ether and 
water, but is less soluble in cold alcohol; it fuses at a gentle heat, 
and loses aniline at 100", when it assumes a red colour.—It haS the 
composition 2 (C,a N, HO), HO, POg.—If the solution of this 
salt be mixed wdth tribasic phosphoric acid until it ceases to be 
precipitated by chloride of barium, white' needles are deposited on 
evaporation in the water-hhth. These crystals, which are readily dis¬ 
solved by ether, by alcohol, and by water, (by the latter with decom¬ 
position), are represented by the formula (Cig H^ N, HO), 2 HO, POg. 
Nicholson did not succeed in obtaining a phosphate, containing 
8 equivs. of aniline. 

. On adding aniline to pyrophosphoric acid, a mixture of the neutral 
and acid salt is precipitated, which, when redissolved in an excess of 
the concentrated acid, deposits white needles, asihming a red tint in 
the atmosphere. These crystals are the acid salt H^ N, HO), 
HO, POg ; they are soluble in water, with a strongly acid reaction, 
but are insoluble^in alcohol and ether. 

Metaphosphate of aniline, (Cj^ Hy N, HO), POg, is precipitated as 
a white gelatinous mass, on adding a large excess of either aniline 
itself or its' alcoholic or ethereal solution to metaphosphoric acid. 
This compound is insoluble in alcohol and ether, but dissolves in 
water, with an acid reaction j whfen boiled for some time, it is con¬ 
verted into common phosphate of aniline. 


(1) Ann. Ch. Phy«. [3] XX, 348. 

(2) Phil. Mag. [3] XXX, 10; Ann. Ch. Pharm. LIX, 213. 
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Aniline and Pi*otochioride of Plattnnm. —^According to' a preli¬ 
minary communication, made by Raew8ky(l), aniline forms three 
compounds with protochloride of platinum, of which the one, of a 
violet colour, corresponds to the green salt of Magnus; it contains 
Pt Cl, C ,2 N, and is capable, like the latter, <5f assuming a variety 
of isomeric conditions. The other combination is rose-red; it has 
the formula Pt'Cl, 2 Cjg N, and corresponds to Eeiset^s ammo¬ 
nia-compound. A third salt, of a gamet-red colour, is the hydro- 
chlorate of the violet compound, and contains Pt Cl, N, H Cl. 

Orsranlc Bases derived from Aniline. <—A. W. Hofmann has 
communicated a series of researches on the deportment of aniline and 
several analogous bases with iodine, cyanogen, ^d chloride of cyanogen. 

lodaniiiiie. —^Anhydrous aniline, when gradually mixed with 1^ 
parts of iodine, solidifies^ after some time to a brown crystalline mass, 
containing chiefly hydriodate of iodaniline along with hydriodate of 
aniline, free iodine, and a brown iodinated product of decomposition 
of aniline, w'hich is insoluble in acids, in alkalies, and in water(2). 
On treating this mass with"^ dilute hydrochloric acid (of a spec, 
grav. I’ll), difficultly soluble hydrochlorate of iodaniline is sepa¬ 
rated, the corresponding aniline-salt remaining in solution. It is 
necessary to avoid the use of concentrated hydrochloric acid, which 
precipitates*also the aniline-salt. The hydrochlorate of iodaniline is 
washed with a small quantity of hydrochloric acid, and dissolvcfi in 
boiling'water; this solution, when decolourized with animal charcoal, 
yields nacreous tables, resembling benzoic acid. From the solution 
of this salt, the iodine-base is thrown down, on addition of ammonia, 
in white crystals, which may^be still farther purified by dissolution in 
alcohol and reprecipitation by water. On evaporating the alcoholic 
solution in the water-bath, yellow, oily drops are separated, solidifying 
on cooling, with crystalline stmeture. 

The composition of iodaniline is 
Cj 3 Hg 1It is derived from aniline 
hydrogen, for which is substituted 1 eq. of iodine. This compound 
resembles, in many respects, aniline; and in more, the corres¬ 
ponding chlorine- and bromine-base. The same vinous odour, the 
same pungent taste, the same solubility in alcohol, ether, pyroxylic 
spirit, acetone, bisulphide of carbon, fatty and ethereal oils. It is 
but slightly soluble in water, and heavier than this liquid; it has no 


represented by the formula 
by the elimination of 1 eq. of 


Aniline 
and ptbto- 
cblonde of 
platinum. 


(1) Compt. Rend. XXIV, 424. 

<2) Cbem. Soc. Qu. J. I, 269 r Ann. Ch. Fharm. LXVII, 1; Ann. Ch. Phys. [3] 
XXV, 230. . • 
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action upon vegetal colours. It forms only prismatic crystals, while 
brom- and chloraniline affect the foipi of octohedrons. ci’ystals 
fuse at 60" and solidify at 51"; they may be distilled both alone and 
with water. The solutions of iodaniline impart to fir-wood and the 
pith of the elder-tree the same intense yellow colour as aniline, 
chlor- and broinaniline, but do not exhibit with hypochlorite of lime 
the purple-violet reaction of aniline. Solid chromic acid decomposes 
iodaniline without inflammation. When exposed to the air, the base 
turns black, iodine being liberated. 

The salts of iodaniline crystallize with the same facility as those of 
aniline; they are less soluble and yield a precipitate of iodaniline 
when mixed with an aqueous solution of aniline. Iodaniline precipi¬ 
tates salts of alumina, but has no action on iron- and zinc-salts. 
—Hydrochhrate of iodaniline, Hg I N, HCl, crystallizes in leaves 
and broad thin needles, which arc difficultly soluble in cold water 
and concentrated hydrochloric acid, insoluble in ether, but dissolve 
readily in alcohol. The hydrobromate resembles the former salt in 
every respect; the hydriodate is more soluble, and rapidly undergoes 
decomposition. Sulphate of iodaniline, llg T N, HO, SOg, forms 
brilliant scales, the solution of which is decomposed, when heated 
to ebullition. Oxalate of iodqniline, Hg IN, HO, Cg Og, crys¬ 
tallizes in flattened needles, difficultly soluble in alcohol and water, 
insoluble in ether. The nitrate crystallizes in hair-like needles; its 
solutiop is not precipitated by nitrate of protoxide of silver. The 
platinum-salt, C 12 Hg IN, IICl, PtCh, is an orange-yellow crystalline 
precipitate.—Hydrochlorate of iodaniline yields^ with tcrchloride of 
gold, a scarlet precipitate which is rapidly altered. 

The vapour of iodaniline is readily decomposed by potassium, 
iodide and cyanide of potassium being formed; is affected neither 
by an aqueous, nor an alcoholic solution of potassa. ' With chlorine 
it yields trichloraniline a^d chlorophenisic acid, chloride of iodine 
being evolved. Bromine converts the iodine-base into tribroma- 
niline; when treated with a mixture of chlorate of potassa it is, like 
aniline, transformed into chlorokinone (chloranile) and chlorophc- 
nisic acid. Ebullition with nitric acid, gives rise to the formation 
of picric acid. If salts of iodaniline be treated with an amalgam of 
potassium, or with metallic zinc, in the presence qf a free acid, 
aniline is regenerated. 

Cyaniiine.'— ^Aniline absorbs cyanogen-gas with evolution of heat; 
the solution turns gradually opaque, the odour of hydrocyanic acid 
becoming perceptible, and a crystalline deposit being produced. 
According to Hofmann, if the current of cyanogen be interrupted. 
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as soon as the liquid has assumed a strong odour of this gas, the 
crystals deposited consist chiefly of an organic base, to which he gives 
the name cyaniline{\), A cold solution of ahiline, in from 6 to 6 
parts of alcohol, exhibits a deportment similar to that of pure 
aniline; the ci*ystalline deposit, however, being much purer, in 
preparing cyaniline an alcoholic solution is to be preferred to the 
base itself. Crude cyaniline is purified in the following manner: 
the crystals, after having been separated from the mother-liquor by 
washing with alcohol, are dissolved in dilute sulphuric acid, which 
leaves a small quantity of a red crystalline substance. On adding 
aitiiuoriia to the acid solution, cyaniline is precipitated, which has 
still a slightly yellowish colour, but becomes colourless hfter repeated 
crystallizations from boiling alcohol. Hofmann found this com¬ 
pound to be Cj4 nyN3=Cy, 0^.3117 N; this formula shows that 
cyaniline is formed by the direct union of aniline and cyanogen. 

Cyaniline crystallizes in colourless tufts, of the lustre of metallic 
silver, which are inodorous and tasteless; they are difficultly soluble 
in alcohol, ether, pyroxylic spirit, bisulphide of carbon, benzole, fatty 
and ethereal oils, and perfectly insoluble in water. It fuses between 
210® and 220®, and sinks in water, when fused, while the crystals 
float upon it. When heated beyond its fusing-point it is decom¬ 
posed, carbon being liberated, while aniline and cyanide of ammo¬ 
nium are evolved; nor is cyaniline volatile with the aid of aqueous 
vapour. The acid solutions of this base have no action upon fir- 
wood, nor does cyaniline exhibit the reactions of aniline, cither with 
hypochlorite of lime, or chromic acid. 

When in contact with acids for some time, cyaniline undergoes 
decomposition, the cyanogen assimilates the elements of w'atcr, and 
aniline is separated; hence some difficulties arise in preparing 
pure salts of cyaniline; they correspond in composition to those of 
aniline .—Hydrochlorate of cyamliney Cy^ N, HCl, is obtained 

by adding fuming hydrochloric acid to an equal volume of a solution 
of the base in boiling dilute hydrochloric acid, when colourless cry¬ 
stals are deposited, which may be washed with ether. This salt is 
readily soluble in water and alcohol, and has a remarkably sweet 
taste. In solution, or when kept moist for some time, it is decom¬ 
posed. The hydrobromatey Cy, Cjg Hy N, HBr, and hydnodatey are 
similar to the hydrochlorate; the latter is still more readily decom¬ 
posed. Nitrate of cyanilmCy Cy, N, HO, NO5, crystallizes 

AA -A % • 

(1) Chem. Soc. Qa. J. I, 159; Ann. Ch. Pharm. LXVI, 129; Ann. Ch. Phys. [3] 
XXIV, 67 ; J. Pharm. [3] XIV, 305. 
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.in long needles, which are difficultly soluble in water, and forms, 
with nitrate of protoxide of silver, a crystalline double compound. 
The platinum-salt, Cy, Hy N, H Cl, PtClg, is precipitated in 
orange-yellow needles, soluble in water and alcohol, on adding 
bichloride of platinum to a boiling saturated solution of the base 
in pretty concentrated hydrochloric -acid. It is readily decomposed 
into the corresponding platinum-salts of aniline and of ammonium, 
and other products. An alcoholic or hydrochloric solution of cyani- 
line, yields, with terchloride of gold, an orange-yellow double salt, 
Cy, Ci2 Hy N, HCl, AuClg, whose solution in ether deposits the 
platinum-salt of aniline. • 

Nicotine and. leucoline, when treated with .cyanogen-gas, form 
brown, amorphous products of decomposition, possessing no basic 
properties; compounds analogous to cyaniline could not be obtained. 

Melanlitne.— Aniline absorbs gaseous chloride of cyanogen, as 
obtained by the action of chlorine on moistened cyanide of mercury ; 
in this reaction a considerable amount of heat is evolved, the liquid 
assumes a dark colour, thickens and solidifies gradually into a crys¬ 
talline mass(l). Chloride of cyanogen having ceased to be absorbed, 
even on exposure of the mass to a gentle heat, the whole is converted 
into a brown, transparent, resinous substance, which consists chiefly 
of the hydrochlorate of a new organic base, for which Hofmann 
proposes the name rmlaniline. In order to obtain this compound in 
a state of purity, the hydrochlorate is dissolved in boiling water, 
acidulated with hydrochloric acid. From this solution the mclanilinc 
is precipitated by potassa as an oily mass, soon solidifying with crys¬ 
talline structure. After having been washed with water, it requires 
only to be recrystallized from a mixture of equal parts of alcohol and 
water. The formula of melaniline is Cgg Ng = Cjg Hy N, 
Cja Hfl N, Cy. Its formation, in which 2 equivs. of aniline have 
been acted on by 1 equiv. of chlofidc of cyanogen, is represented by 
the following equation,: 

2Cu H,N + CjN Cl = C*, HijNs, HCl. 

• Aniline. Chloride of Hydrochlorate 
cyanogen, of mehuuline. 

Melaniline forms white hard crystalline plates, assuming a reddish 
tint when exposed to the atmosphere; they are inodorous, but 
possess a bitter ta.ste. It fuses at 120®—IBOi®, and is decomposed 
between 140 ® and 150 ® into aniline, which dictils over> and a trans- 


(1) Chem. Soc. Qu. J. I, 285} Ann. Ch. Phann. LXVII, 129. 
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parent brownish mass, which remains behind. The crystals float 
upon water, while the fused base sinks in it. Melahiline is difficultly 
soluble in water, it dissolves, however, easily ift alcohol, ether, 
pyroxylic spirit, acetone, and bisulphide of carbon, fatty and ethereal 
oils. It has scarcely any reaction on vegetal colours ; its salts have 
no effect upon fir-wood, nor do they exhibit, either with chrontic acid 
or hydrochlorate of lime, the peculiar changes which characterize 
aniline. 

Melaniline forms with’ most acids, crystalline salts, which are 
colourless or slightly reddish; their solutions are’ very bitter, and 
yield, when mixed with caustic or carbonated alkalies, a precipitate 
of white melaniline, which rapidly crystallizes.— Sulphate of melani- 
Ime, Cgg Hi3 N3, HO, SO3, forms stellated, rhombic plates, which 
are soluble in water, alcohol^ and ether.— titrate of melaniline^ 
Cgg Hi 3 Ng, HO, NO5, forms white needles; it is so completely 
deposited from its hot solution, that the mother-liquor becomes 
scarcely turbid on addition of an alkali, whence nitric acid may be 
used as a reagent for this base. The nitrate is likewise soluble in 
alcohol, but dissolves scarcely in ether. Binoxalate of melaniline^ 
C^g IT 13 N3, 2(110, Cg O4), resembles the sulphate; it is difficultly 
soluble in water and alcohol, almost insoluble in ether; when heated, 
carbonic oxide and carbonic acid are evolved, while aniline passes 
over, fdong with a substance of a most penetrating odour, which is 
perceptible likewise in various decompositions of cyaniline; towards 
the end of the operatiem, the neck of the retort becomes coated with 
a radiated mass of crystals, a transparent resinous residue remaining 
behind. Hhtphosphates are readily soluble, but crystallize only very 
gradually; the hydrochlorate is the most soluble of all melaniline- 
salts; it dries up into a gummy mass, becoming only very slowly 
crystalline. Hydrohromate of melaniline, H^g N3, H Br, crysts^- 
lizcs readily in stellated needles, less soluble- in concentrated hydro- 
bromic acid than in water, ffydriodate of melaniline, Cgg H13 Ng, H I, 
separates as a yellow oil, solidifying only slowly with crystalline 
structure, on treating the base with concentrated hydriodic acid; it 
is soluble in hot water and alcohol, and is decomposed in contact 
with the atmosphere. Hydrofluate of melaniline is a crystalline 
salt, readily soluble in water. The platinum-salt of melaniline, 
Cag Hjg Ng, H Cl, Pt Cl$, is a pale-yellow crystalline precipitate, 
slightly soluble in hot water. The gold-salt, Cgg 11,3 CI3, . 

is deposited in needles, of golden lustre, or as a yellow precipi¬ 
tate; from a mixture of hydrochlorate of melaniline with ter- 
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chloride of gold. This salt is difficultly soluble in water, more 
soluble in alcohol, and dissolves readily in ether. Nitrate of protox¬ 
ide of silver-melanilinef AgO, NO5, 3 C26 Hj^ N3, is deposited from 
an alcoholic mixture of the base and silver-solution, in hard, white 
crystalline crusts, frotochloride ,of mercury yields with solutions 
of melaniline, a white compound, crystallizing in needles from acidu¬ 
lated water. 

Metamorphoses of Melaniline. Dlchloromelanlllnc. —Addition of 
an excess of chlorine-water to hydrochlorate of melaniline precipitates 
a resinous mass, possessing no basic properties 3 by interrupting, 
however, the treatment with qhlorine-water, as soon as the resinous 
precipitate becomes permanent, the filtered solution yields on evapo¬ 
ration needle-shaped crystals, or an oil, solidifying with crystalline 
structure, which are the hydrochlorate of a chlorinated base, to which 
Hofmann assigns the name dichlorom^anUine. The aqueous solu¬ 
tion of this salt gives with ammonia a precipitate, which crystallizes 
from alcohol in hard crystalline plates. The platinum-salt of this 
base is an orange-yellow crystalline precipitate, which contains; 
C26 III, CI2 N,, HCl, Pt CI2. 

nibromomcianiiine. —Hydrochlorate of melaniline exhibits with 
bromine the same* deportment. ’Dibromomelaniline, CgQlIjjBrgNg, 
is almost insoluble in water, but dissolves in alcohol and ether. It 
has a very bitter taste. When heated beyond its fusing-point, it is 
decomposed into bromaniline and a resinous residue. The hydro¬ 
chlorate of this base, Cgg Hjj Br.3 N,, HCl, is difficultly soluble in 
water; it crystallizes in long satiny needles; the platinum-salt, 
Cgg Hji Br2 Ng, HCl, Pt CI2, fonns scales of a golden lustre; it is 
almost insoluble in water. 

Oiodomeianiune.— This bhse cannot be obtMtied by the direct 
qction of iodine upon melaniline; it may be prepared, however, by 
treating an ethereal solution of iodaniline with chloride of cyanogen. 
In the first stage of the process, h^jj^rochlorate of iodaniline is 
deposited, which is* subsequently converted into resinous, gradually 
crystallizing hydroohloratc of diodomelaniline. From the solution 
of this salt the base is sepaVated by potassa; it contains C28 Hu I2 Ng; 
its formation is illustrated by the following equation: 

? C,3 H„ I N, + C 2 N Cl = Ca fiH„l,N3,H C l. 

lodfuiiline. Chlqride of Ilydroclilorate of 
cyanogen. diodomelaniline. 

The double salt of diodomelaniline has the composition C2gHul2N3, 

HCl, PtCl2. 
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Dinitromciaiiiuitc. —When treated with fuming nitric acid, melani- 
linc is converted, according to the duration of the treatment, into an 
oraiige-ycllow base, or into lemon-yellow prisms of an acid forming 
scarlet-red salts with the alkalies. Both compounds are not yet 
farther investigated; however, the base produced by the action of 
nitric acid is not identical with the dinitromelanilmej which Hof¬ 
mann obtained, by treating an ethereal solution of nitraniline with 
chloride of cyanogen. The hydrochlorate of the base, thus obtained, 
yields, with an alkali, brilliant, pale-yellow scales of dinitromelaniline, 
perfectly insoluble in water, and dilfficultly soluble in alcohol and 
ether. When heated, dinitromelaniline is decomposed, like melaniline, 
into a brown residue and nitraniline. Experiment led to the formula 
^20 Mil ^3» which was confirmed by the analysis-of a diffi¬ 
cultly soluble hydrochlorate Nj, HCl, and of the 

platinum-salt Cgo (NOJ2 Ng, HCl, PtClg. 

iiicyanomeiRiiiiine. —^An alcoholic solution of melaniline, when 
saturated with cyanogen-gas, solidifies after some hours into a crys¬ 
talline magma, the odour of cyanogen being replaced by that of 
hydrocyanic acid. After separation of the brown mother-liquor, and 
rccrystalliKation from alcohol, yellow needles are obtained, which 
contain C3(, Hjg Ng = Cy2, Cgg Hjg Ng. This compound, to which 
Hofmann assigns the name dicyanomelanilim, hence arises from 
inclaniline, similarly to cyaniline, simply by the assimilation of 
2 equivs. of cyanogen. When heated dicyauomelaniline yields 
aniline, cyanide of ammonium, and a resinous residue. It is very 
soluble in dilute acids, and reprecipitablc without alteration by 
ra])idly adding an alkali; if the hydrochloric solution, however, be 
allowed to stand only a few minutes, a crystalline product of decom¬ 
position is deposited, which has not yet been examined ; the mother- 
liquor contains ammonia. 

Bromide of cyanogen converts aniliu^ into hydrobromatc of 
melaniline; iodide of cyanogen, however, gives rise to tjie formation 
of iodanjline, hydrocyanic acid being liberated. 

Ciimidiiic.—E. Ch. Nitholson(l) has obtained this base from 
cumole in the same manner as aniline is prepared from benzo^\ A 
solution of cumole in fuming nitric acid, yields, on addition of water, 
nitrocuraole, Cjg Hu N O4, which is dissolved, in alcoholic ammonia, 
and repeatedly treated with hydrosulphuric acid until the last trace 
of nitrocumole has disappeared. Distillation of the saturated solu¬ 
tion promotes the decomposition. The residue of the iast distillation 


(t) Chem. Soc. Qu. J. I, 2 5 Ann. Ch. Pharm. LXV, 58. 
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is treated with hydrochloric acid, which dissolves the cnmidine. The 
solution, filtered and evaporated, yields a crystalline hydrochlorate, 
from which the base is separated by distillation with potassa. The 
distillate is converted into an oxalate, which is decolourized by 
‘animal charcoal, and rccrystallizcd from alcohol. From this com¬ 
pound the pure curaidinc is separated by potassa as a yellow oil. 

Curnidine is a powerfully refracting liquid of ‘a burning taste; in 
a freezing,mixture it solidifies into square tables, it is readily soluble 
in alcohol, ether, pyroxylic spirit, fatty and ethereal oils, but dis¬ 
solves only slightly in water; its solutions have no action on vegetal 
colours. The base produces an oily stain upon paper, which disap¬ 
pears again. Exposed to the air it turns yellow, and at last dark- 
red; its spec. grav. is 0 * 9526 , the boiling-point 225 °.—Curnidine 
precipitates the salts of sesquioxide of irbn; it stains fir-wood like 
aniline and toluidine, but does not exhibit the peculiar reaction of 
aniline with hypochlorite of lime. The salts of curnidine arc colour¬ 
less for the greater part; they crystallize with great facility; they 
are soluble in water, and even more so in alcohol. They have an 
acid reaction, and contain no water of crystallization. 

The analysis of this substance led to the formula Cjg lljg N; its 
formation is illustrated by the following equation : 

C,8 H,1 N O4 + 6 HS =. C,8 11,3 N + 4 HO + 6 S. 

Nitrocumole. Catnidine. 

* 

Nicholson has-investigated the following salts of curnidine: sulphate 
of- curnidine Cjg Hjg N, HO, SO3, nitrate of curnidine C^g N, 
HO, NOg, hydrochlorate of curnidine Cjg Hjg N, IICl, and the 
^lAle compound with bichloride of platinum Cjg Iljg N, HCl, PtClg. 
The latter is deposited in long yellow needles^^ on adding an excess 
of .bichloride of platinum to a hot aqueous solution of hydrochlorate 
of curnidine. This basejforms a yellow double salt with chloride of 
palladium, % dark-violet salt with terchloride of gold, and a salt 
crystallizing in needles with nitrate of protoxide of silver. ,^n alco¬ 
holic solution of curnidine yields white precipitates with protochloride 
and. protocyanide of mercury, and a fine green precipitate with 
sulphate of protoxide of copper. Potassium decomposes the vapour 
of curnidine with formation of cyanide of potassium; it is violently 
acted upon by chromic acid, but is not inflamed. The action of 
bromine gives rise to evolution of hydrobromic acid, and forma¬ 
tion of a crystalline mass, insoluble in water, but dissolving in 
alcohol and ether, and containing probably Cjg Hjq Brg N (tribromo- 
cumidine). When exposed to the action of chlorate of potassa and 
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hydrochloric acid, it yields a brown body possessing the odour of 
chlorophcnisic acid, which, treated with alcohol, leaves a substance 
resembling chlorokinone (chloranilfe). Of the compounds, into which 
ciimidine is converted by the influence of phosgene-gas and bisul- 
l)hidc of carbon, and which are most likely analogous to the anUiiie- 
terms described by Hofmann, Nicholson promises a more minute 
investigation. 

Nitrucumidine. —Cahours(l) has converted binitrocumole Cjg 
N2 Og ijito the base corresponding to nitraniline. This substance, to 
which he assigns the name nitrocumidine, contains Cjg Ng 0,= 

yellow scales, fusing below 100®, which 
solidify on cooling into a radiated mass. It is insoluble in water, 
but dissolves readily in alcohol and ether, and is only partially de¬ 
composed on heating. Nitrocumidine has but a feebly alkaline 
reaction, but neutralizes the acids completely. The sulphate 
Cjg N2 O4, SO3+ 2 HO crystallizes in long brilliant prisms; 
the hydrochlorate C,g Hjj Ng HCl -f- HO, as well as the nitrate 
and oxalate, form needles, whose solution, when exposed to the at¬ 
mosphere becomes of a bluish-green.—^Bromine converts nitrocumidine 
into a crystalline body, which is no longer basic. With chloride of 
benzoyl this base produces a compound, crystallizing from alcohol in 
needles. This substance, which contains C32 Hjg Ng Og=Cj4 Hg O^, 
0,9 Hu Ng O4 coi-responds to benzamide and benzanilide. With the 
chlorides of cinnamyl and cumyl, Cahours has obtained analogous 
compounds. 

cyanocumifiine. —According to Hofmann(2), an alcoholic solu¬ 
tion of cumidine, when treated with cyanogen-gas, deposits long 
needles of cyanocumidine. This base, which contains Cjo Hjg Ng 
~ Cy, Cjg Hjg N, is soluble in alcohol, and forms a very difficultly 
soluble salt with hydrochloric acid. 

cyanotoinidlnc has been obtained by Hofmann( 3 ) by treating 
toluidine with cyanogen-gas; it is very diflicultly ^olublc in alcohol 
and ether, and will, according to analogy, be represented by the 
formula Hg Ng = Cy, Hg N. 


(1) Compt. Rend. XXVI, 315 j Instit. 1848, 71; J. Phami. [3] XIV, 435, 

(2) Loc. cit. p. 507. 

(3) Ibid.' 
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Cbinoiine.—Laurent(l) considers the formula IN as pro¬ 

bably true for chinoline or leucoliiie. Its formation from quinine 
and cinchonine accordingly would be represented by the equations: 

Css N., Oi =2 Cj 3 II 7 N + 2 CO„ + Hg 

Css l4 N 3 0, + 2 HO = 2 CiB Ily N + 2 CO.] + Ilg 

picryi.—This substance which had been obtained by Laurent, in 
distilling oil of bitter almonds with sulphide of ammonium, and to 
which Berzelius (Jahresber. XXV, 631 ) had assigned the name 
cripine, contains, according to Laurent^s first analysis O4. 

On repeating the experiment(2) he obtained 80 - 17 — 80*45 carbon, 
and 4 * 77 — 4*70 hydrogen ; whence he proposes the formula 
C42 Hjg N O4, which requires 80.52 of carbon, and 4*78 of hydrogen. 
In chloro- and broinopicryl 1 or 2 equivs. of hydrogen are replaced 
by 1 or 2 equivs. of chlorine or bromine. 

liophlne.—^To this compound, prepared from hydrobenzamide by 
the action of heat, Laurent had formerly assigned the formula 
^46 Hjy Ng. According to a more recent analysi 8 ( 3 ), it contains 1 cq. 
of hydrogen less, having the composition Hje N2, (theory, 8 G ’25 
of carbon and 5-0 of hydrogen; experiment, 86 - 18 — 85*91 of carbon, 
and 5 ,* 10 — 5*14 of hydrogen). 

Flavine.—^Among the products of distillation of benzoate of lime. 
Chancel found a compound, benzophenone, isomeric with benzone, 
but crystalline, which contains C2ji Hj,, O2. When treated with 
nitric acid, this substance yields a yellowish crystalline powder, 
bin^trobenzophenone, Hg Ng Ojq, which, under the influence of 
reducing agents, is converted into a basic compound, to which 
Chancel and Laurent( 4 ) have given the name flavine. The pro¬ 
duct obtained in the dry distillation of bcnzq|tc of lime was freed 
from benzole and then boiled with fuming nitric acid for several hours; 
on addition of water to the nitric solution, a thick yellow oil was sepa¬ 
rated, which solidified partially after some time, and proved to be a 
mixture of several bodies, even after recrystallization. When dis- 
;8olvcd in alcoholic or ethereal solution of sulphide of ammonium, it 
yielded flavine, which is deposited in needles. After purification (by 


(1) Alin. Ch. Phys. [3] XIX, 367, (comp. p. 474). 

(2) Ibid. 369, (comp. p. 474). 

(3) Ibid, (codtp. p. 474). 

(4) lostit. 1848, 95; Laurent and Qerbardt’a Compt. Rend, des Trav.Chim. 1849 
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solution in hydrochloric acid and reprecipitatiou by means of 
ammonia), flavine forms colourless or slightly yellowish needles, inso¬ 
luble in water, but dissolving in alcohol and ether, and yielding, 
when heated with solid hydrate of potassa, an oil of basic properties. 
Analysis gave 73*1 of carbon, 5'9 of hydrogen, and 13'5 of nitrogen, 
leading to the formula Cgg Ng O 2 ,—Hence the conversion of 

biuitrobenzophenone into flavine is represented by the following 
equation: 

C.JS llg Nj 0,„ + 12 HS = C 26 Hi2 N., Oj + 8 ho + 12 S. 

The hydrochlorate, crystallizing in long plates, is readily soluble 
in water, less so in alcohol. The platinum-salt, when dried at 15(F, 
contains 0*2^ 11,2 Ng O 2 , 3 H Cl, 2 Pt CI 2 , (th^^i^, 31 *43 per cent of 
platinum j experiment, 31’4).—Chancel considers flavine as iden¬ 
tical with carbanilide, obtained by Hofmann(l) in studying, the 
action of phosgene-gas on aniline; carbanilide, however, although 
having the same composition as flavine, possesses .no basic pro¬ 
perties. 

For chloronicine and* paranicine, we refer to p. 408. 

Distinction of the Or^anle Bases hy means of the Microscope. 

—According to Anderson(3), if to a dilute hydrochloric solution of 
one of the following bases, under the microscope of a magnifying 
power of 250, ammonia, or sulphocyanide of potassium be added, the 
following phenomena are observed, care being taken to avoid the use 
of too concentrated a solution : 


Strychnine 

With ammonia. 

. Prismatic crystals directly. 

With sulphocyanide of 
.potassium. 

Flat needles, truncated, or terminat 

Brucine 

. Stellated groups. 

ing in an acute angle. 

Delicate tufts. 

Morphine . 

. Rhombohedrons. 

Amorphous precipitate. 

Narcotine . 

. Ramifled crystals. 

f> n 

Cinchonine 

. Stellated concentric needles, or 

Six-sided crystals, mixed with irre 

Atropine . 

grainy masses. 

. Amorphous mass. 

gular, flat, rectangular crystals. 


Constitution of the Organic Bases. — ■Presenius(3) has enun¬ 
ciated the view, that the oxygenated organic bases, when containing 


Vlavine. 
ConBtitu. 
tlon of tba 
organic ' 
base!. 


(1) Ann. Ch. Pharm. LVll, 267. 

(2) J. Pharm. [3] XIII, 443. 

(3) Ann. Ch. Pharm. LXI, 149. 
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Con<illtu> 
tiou of tlie 
organic 
basea. 


more than 1 eq. of nitrogen, (f. i., strychnine, ealFciuc, &c.), indepen¬ 
dently of their formation, whether natural or artificial, have a con¬ 
stitution analogous to that of nitraiiiline; he considers them as 
simple bases (aniline, nicotine, sinamuiine), in which 1 cq.of hydro¬ 
gen is replaced by an oxide of nitrogen, (NO, NO^, NOg, NO4 and 
NOg). A. W. Hofiuaun(l) has pointed out the arbitrary nature of 
this view, inasmuch as the existence of hydrocyaiioliarmaline, of 
cyanilinc and the other collateral bases, discovered by Ilofmauu(2), 
prove that the second cq. of nitrogen may be jnv'scnt likewise, 111 the 
form of a cyanogen-compound.—Incidentally to his researches on 
melanilinc, Hofmann gives a synopsis of all the facts supporting the 
view of Berzelius, that the organic bases are conjugated ammonia- 
compounds. Tn adopting this view, cyanilinc, melaniline, Src., be¬ 
come conjugated bases of the second order, in which ammonia has 
assimilated various compounds, such as cyanogen, &c., in addition 
to the adjunct C 12 Hj,=An. The formulae of these substances acquire 
thus the following shape,— 


AniHoe 
Cyanilinc . 
Melanilinc 
Dicyanoinelanilinc 


NHj + An. 

NHa + An Cy. 

Nllg + An,, Ad, Cy. 
NII3 + An^, Ad, Cyj. 


(1) Ann. Ch. Pham. LXVI, 118. 

(2) Chem. Soc. Qu. J. I, 312; Ann. Ch. Phann. LX VII, 166. 
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